To: Argyropoulos, Paul[Argyropoulos.Paul@epa.gov]; Lie, Sharyn[Lie.Sharyn@epa.gov];
Korotney, David[korotney.david@epa.gov]

Cc: David DeRamus[david.deramus@bateswhite.com];
marc.chupka@brattle.com[marc.chupka@brattle.com]; Lindsay Fitzgerald(lfitzgerald@biodiesel.org];
Anne Steckel[asteckel@biodiesel.org]; aweber@marciv.com[aweber@marciv.com]
From: Larry Schafer

Sent: Thur 2/27/2014 10:41:31 PM

Subject: Biodiesel Carbon Analysis Support Files

DESCRIPTION of Carbon Analysis Support Files Jan 2014.docx

ATT00001.txt

Jacobsen Feedstock Prices 2011 to 2013.xlsx

Overview of WAEES Model.pdf

Reassessment of life cycle greenhouse gas emissions for soybean biodiesel (4).pdf
dgd-sum-120112.pdf .
d1-15biodieselprofitability. xIsx -Feal““l (25}9-\-4( Nﬂ"u- Lpu.b\lc. J(,OC
2010-3851.pdfé—

Biodiesel GHG Summary.xlsx

2014.01.15 FINAL VERSION OF CALCULATIONS .xlsx
15day-cornoil-bd-sum-022112.pdf

EIA Biodiesel Production Report Oct 2013 Data copy.pdf

AN

Paul, Sharyn, David:

It was great meeting you and the rest of the EPA team last week. As discussed, attached are the support
files for our analysis; apologies for the large size, but some of the PDFs are a bit big, and | thought you
would find it helpful to have them all in one place. The shortcut/summary of our calculations is
"2014.01.15 Final version of calculations.xIs". Feel free to call if you have any questions or want to
discuss further.

If you have questions or comments, then please let me know.

Thanks

Larry Schafer

National Biodiesel Board
0: 202.737.8801

M: 202.997.8072

Biodiesel - America's Advanced Biofuel!
www.americasadvancedbiofuel.com

1331 Pennsylvania Ave. NW

Suite 505
Washington DC 20004
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Carbon Analysis Support Files

Greenhouse Gas Emissions. These files provide the background support data that
were utilized to calculate GHG reductions from various feedstock pathways (relative
to petroleum diesel). The EPA final rule was the basis for most calculations. “Best
available data” calculations included more recent work by USDA/University of Idaho,
the CARB distillers corn oil pathway, and the CARB renewable diesel pathway. Files
include the following:

e 2010-3851.pdf
e Reassessment of life cycle greenhouse gas emissions for soybean.pdf
e 15day-cornoil-bd-sum-022112.pdf
dgd-sum-120112.pdf
¢ Biodiesel GHG Summary.xls.

Feedstock Utilization and Pricing. These files document the feedstocks utilized to
produce biodiesel in the United States. The information from U.S. DOE-EIA is for the
domestic biodiesel industry. There is no public information for feedstock utilization
by renewable diesel producers. However, industry stakeholders provided input that
only three (3) types of feedstock are currently utilized; animal fats, yellow grease,
and distillers corn oil. Feedstock pricing information is from The Jacobsen, a fee
based subscription service. Files include the following:

e EIA Biodiesel Production Report Oct 2013 Data copy.pdf
e Jacobsen Feedstock Prices 2011 to 2013

Biodiesel Production Costs. These files include the 3™ party production cost model
from lowa State University and a summary of both the GHG and cost calculations
prepared by Bates White. In addition, an overview of the WAEES model utilized to
forecast two scenarios in 2014 is available. Files include the following:

e Di-15biodieselprofitability.xlsx

e 2014.01.15 FINAL VERSION OF CALCULATIONS.xIsx
e Qverview of WAEES Model. Pdf
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Soybean Bleachable

il Fancy Choice Stabiliazed
(Illinois) Canola Qil - Tallow - White Yellow  Poultry Fat Distiller's
crude/degu RBD Renderer  Grease Grease (Delmarva Corn Oil
mmed (Chicago) (Chicago) (Chicago) (Illinois) delivered) (IL)
2011Jan 53.771 60.746 47.150 43.625 895715 37.438
Feb 54.137 61.032 47.513 45.974 41.395 43.645
Mar 53.965 61.055 49,522 49.478 45.674 47.152
Apr 56.639 63.171 51.588 50.850 46.300 48.375
May 56.080 62.239 52.476 51.429 46.482 48.524
Jun 55.729 61.626 54.048 52.546 47.028 45.227
Jul 55.262 62.262 53.800 52.663 46.669 44.600
Aug 54.350 61.595 49.565 49.348 44,707 45.304
Sep 54.962 61.066 50.071 48.500 43.827 44.893
Oct 51.992 59.011 47.600 46.351 43.202 44.393
Nov 51.778 59.337 44.405 40.798 36.857 39.512
Dec 50.292 58.209 47.119 41.202 36.015 37.708
2012 Jan 51.108 58.133 44.200 40.300 35.125 38.200 37.313
Feb 52.406 59.281 45.750 45.265 38.850 40.863 43.375
Mar 53.420 61.056 48.045 49.000 42,182 45.750 44.818
Apr 54.942 62.948 47.300 47.389 41,038 45.188 42.175
May 50.771 60.385 48.932 49.131 41.625 44.784 42.477
Jun 49.552 60.367 45.548 44.803 37.869 41.952 37.762
Jul 54.419 64.308 45.452 43.756 36.810 40.012 36.476
Aug 52.329 63.731 44.630 44.810 37.174 40.283 37.174
Sep 53.433 64.228 45.526 45.197 38.132 41.026 39.763
Oct 50.187 62.070 39.717 38.000 34.690 37.913 36.065
Nov 48317 59.417 34.000 33.903 30.500 35.100 29.988
Dec 49.617 58.736 36.300 36.727 33.238 36.450 34.500
2013 Jan 51.557 60.016 40.095 40.191 36.476 38.595 36.000
Feb 52.244 60.953 40.097 41.462 37132 41.000 36.750
Mar 51.250 60.400 42,550 42971 37.538 41.000 36.838
Apr 51.626 64.557 43.250 43.132 37.898 38.966 36.716
May 52.541 64.291 41.796 40.895 37.080 37.500 36.057
Jun 51.330 61.517 45.000 45.036 38.100 36.500 35.400
Jul 48.377 57.400 45.409 46.205 37.807 36421 37.023
Aug 45.890 52413 42.909 41.702 35.028 36.091 37.546
Sep 45.638 51.182 40.645 39.981 34.635 36.438 36.738
Oct 44.161 48.380 33.652 32.825 28.533 29.489 29.261
Nov 40.982 47.502 35.132 32.632 26.197 24.868 27.592
Dec 39.731 45.552 35.611 33.329 27.658 27.553 29.566

NOTE: The Jacobsen is a subscription based service. Information in this file cannot be utilized for other purp
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Overview of the WAEES Modeling System

The WAEES partial equilibrium modeling system is made up of a set of global econometric models
emulating the behavior of the global agricultural sector. The partial equilibrium models can be broken
down into crops, livestock and biofuels components encompassing feed grains, food grains, cotton,
sugar, oilseeds, ethanol, biodiesel, beef, pork, and poultry.

WAEES Partial Equilibrium Models

Over 20,000 equations in

Global Livestock Module the system
Live Animals
s Catlle
B +  Hogs Global Vegetables
B Module
¢ Beef 3 >
Pork Broccoli
Poultry *  Camots
+  Cauliflower
I «  Cucumbers
¢ Lettuce
|| Biofuels Module * Melons
+ Ethanol P TDE
e *  Peppers, Chili
+ Biodiesel «  Peppers, Sweet
+  Spinach
+  Sweet Com
Quasi-Trend Models Recursive Models : gmtmh
» Dairy +  Exchange Rates ) ECTHICIONS
- Milk «  Patial US Macro Olaenbidions
g:;‘:" «  US Farm Income
Non Fat Dry Milk +  PPI/Cost of Prod

The WAEES maodels cover 42 countries/regions with an additional 12 regional aggregates including the
world total. WAEES follows USDA’s reported data coverage which may mean that a zero is reported for
a particular commodity which USDA does not cover or has discontinued covering. USDA currently
covers at least 90 percent of global production; therefore, the countries which are omitted represent a
small portion of total global production. Specifically the WAEES model includes Canada, Mexico, the
United States, Caribbean and Central America, Argentina, Brazil, Bolivia, Chile, Paraguay, Uruguay, Other
South America, the European Union 28, Other Europe, Russia, Ukraine, Uzbekistan, Other Farmer Soviet
Union, Saudi Arabia, Turkey, Other Middle East, China, Japan, South Korea, Taiwan, Other East Asia,
India, Pakistan, Other South Asia, Indonesia, Malaysia, Myanmar, Philippines, Thailand, Vietnam, Other
Southeast Asia, Australia, Other Oceania, Egypt, Other North Africa, Kenya, South Africa, and Other Sub-
Saharan Africa. WAEES also reports projections on crop area, yield and production for each of the EU-28
countries.

- _____________________________________________________________________________ _____________]
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WAEES Regions follow the USDA Regions

B Former Soviet Union [] South Asia

B North America Bl South America [JJJ] Middle East [ Southeast Asia
. Central America & . European Union E| North Africa East Asia
Caribbean

- Other Europe - Sub-Saharan Africa D Oceania

Partial Equilibrium Models

Each partial equilibrium module is broken down into commodities with a system of structural equations
capturing the supply and demand components for each of them. The drivers of these equations are
theoretically derived based upon the behavioral postulates from economic theory of profit maximization
by the market participants and utility maximization by consumers subject to various domestic and
international trade policies. The diagram below illustrates the inter-linkages of the crops and livestock
model. In the diagram, the blue boxes represent the key drivers (conditioning assumptions) of the
agricultural sector including income, population, culture, inflation, exchange rates, domestic and trade
policy, technology and input costs. The green boxes are an aggregate approximation of the crops sector.
As relevant, each box represents an equation for each commaodity covered. For example, there are
specific feed demand equations for corn, sorghum, barley, soybean meal, sunflower meal, etc. The pink
boxes are an aggregate approximation (within the diagram) of the detailed livestock sector model
encompassing beef, pork and broilers. The diagram illustrates how income, population, and other
factors drive food demand for crops and meats. Crude oil prices (and policies) drive the demand for
biofuels. As demand increases, crop prices increase providing an incentive for production expansion.
Technology growth drives yield expansion providing much of the needed production. Crop area may
also grow to meet demand needs although in developed countries this often amounts to tradeoffs
among crops. Ultimately supply and demand are balanced via commaodity prices. If demand is stronger
than supply, commodity prices increase until demand growth is slowed and supply growth is increases
enough for supply and demand to balance.

e ————————————————————
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Partial Equilibrium Modeling System

(Conceptual Framework Representation for One Country)

B ertilizer

Per Capita Income | IEEERSIRRSSINNN| SR | it H Chemical
& Distribution P Y :

Age Distribution &
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Machinery

| —

Cultural Tastes &
Preferences

[ 1nfiation H

| Exchange Rates |—

D Conditioning Assumptions

- Crop Supply & Demand

Livestock Supply & Demand

E :

The WAEES partial equilibrium models solve iteratively to find equilibrium by balancing global supply
and demand. This occurs at the individual country level for each commodity. Most countries are at
least somewhat open to trade albeit with tariffs. The trade diagram below illustrates conceptually how
global supply and demands are balanced within a “global” price equilibrium solution. Typically a large
expaorting country is chosen as the residual supplier for the world. The choice of this country does not
affect the solution. The commodity price in the residual supplying country is solved for by assuming an
initial level of exports. This price is then transferred to other countries through trade barriers,
transportation costs, and exchange rates. Based on a given price level, each country determines how
much it is willing to supply or demand at that price and subsequent how it wants to import or export.
Occasionally a country has tariffs high enough that no trade will occur or only a fixed amount of trade
will occur at the lower tariff level. Note that in those countries internal prices may not reflect the world
level of prices because supply and demand must be balanced from domestic sources. After the supply
and demand in each country is determined and the implied trade position, these trade positions are
summed to find the new level of exports for the residual supplying country replacing the initial
assumption. The process then repeats itself until prices adjust to balance global supply and demand.
For example, if the sum of trade across all other countries is lower than the initial starting assumption
for the residual supplying country, the price level in the residual supplying country will fall to balance
supply and demand. This lower price level will then get transferred to all other countries affecting their
supply and demand and ultimately net trade positions and of course replace the exports again in the
residual supplying country. This process continues until global supply and demand balance.

—_—Teeeee
1/19/2014
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How do partial equilibrium models solve for a
global supply and equilibrium price?

Begins with an assumed
export level for a large

exporting country such as the

US and solves for the
commodity price level.
country is known as the

This

residual supplier. Note that

the choice of the country asa

residual supplier does not
affect the maodel solution.

!

The initial assumption
for exports is replaced
by the sum of the net
trade positions across
all countries which
will total to a new
level of exports for the
residual supplying
country.

e
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Trade Barriers

Whether the country
allows it's et trade
position to be market
determined (subject to
tariffs, transport, ete.)
or specifies the level of
trade, it's net trade
position is determined.
Some countrics may be
net importers while
other countries may be
net exporters.

Transport Cost

—#

Exchange
Rates

Port price in other countries is
linked to the residual supplying
country’s port price adjusting for
trade barriers, transport costs, and
exchange rates if the country is
open 1o trade

Some countries restrict trade toa
fixed level of imports or exports or
choose not to trade at all in certain
commaodities. In these countries,
prices are disconnected from
world prices if the trade barriers
are binding.

Farm prices in each country are
linked to the port prices to
determine how much will be
supplied and how much will be
demanded. The net trade position
15 then determined by subtracting
supply from demand.



An Example of the US Partial Equilibrium Model for the Biofuels Sector

Within the WAEES model, the US ethanol and biodiesel sectors are set up as partial equilibrium models
with supply and demand equations and an endogenous ethanol and biodiesel price. The structure of the
model has its roots in the ethanol specifications documented by John Kruse, Patrick Westhoff, Seth
Meyer, and Wyatt Thompson in a 2007 journal article in AgBioForum entitled, “Economic impacts of not
extending biofuel subsidies.” With the second Renewable Fuel Standard, these original specifications
have been updated to reflect the hierarchical system of mandates. The biofuels mandates require
compliance with each specific mandate type including biodiesel, cellulosic, advanced and the overall
renewable fuel mandate. The rational for different mandates in the legislation was to encourage biofuel
producers to move towards feed stocks that provided the greatest level of greenhouse gas (GHG)
reductions compared with conventional petroleum. The term “advanced biofuels” was used to describe
biofuels that reduced GHG emissions by at least 50 percent compared with a 20 percent reduction
requirement for conventional feed stocks. Cellulosic derived biofuels must reduce GHG emissions by 60
percent. Compliance with the mandates by the obligated parties is enforced by the EPA through as
system of Renewal Identification Numbers (RINS) assigned to each type of biofuel produced. Obligated
parties must demonstrated that they have met their assigned obligations through the number of RINS
they have for each type of fuel. Theoretically there could be a specific RIN value for each type of
mandate — cellulosic, biodiesel, advanced, and conventional, if each mandate was binding. Mandates
are binding when the market is forced by policy to produce more than what normal economic
conditions would suggest. The advanced biofuels are typically more expensive to produce than
conventional biofuels resulting in those mandates being more binding than conventional biofuels
mandates. Therefore RIN values (or prices) are typically significantly higher for advanced biofuels than
conventional biofuels.

Hierarchical RINS Modeling

Cellulosic Blodiesel : . =
Thearetically there can be 4 different RIN prices
specific to each mandate if all the mandates are

binding.

+ Mandates are binding when the market is farced by
policy to produce more than what normal economic
conditions wauld suggest,

Advanced
Mandate

Given the hierarchy of the mandates, it must be the
case that RIN values for biodiesel are greater than or
= equal to advanced RIN values and advanced RIN
Conventional 5
| Mandate I values must be greater than ar equal to conventional
RINS. This is because biodiesel RINS can be used as
advanced RINS and advanced RINS can be used as

conventional RINS. (This process is referred to as
demotion.}

+ Bicdiesel RINS can have the same value as advanced
RINS if the biodiesel mandate is less binding than the
advanced mandate.
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US Biofuels Mandates in 2022

Renewable Fuel Mandate U.S. Renewable Fuel Mandates in the RFS 2
36 billion gallons

§

Specific Ad d lied C fonal ea
Mandate Mandate g

21 billion gallons 15 billion gallons i e
150

180

Biodiesel Mandate s

1 billion gallons B .
- -
il : 188

Cellulosic Mandate
16 billion gallons

U"’P@ﬂ_ﬂ'd 0‘::" * EPA has waived the cellulosic mandate in 2011 and 2012 because
Advanced Mandate cellulosic biafuels are still very evpensive to produce.
|4 billion gallons |

* While the cellulosic mandates has been waived, the overall advanced
mandate continues to be retained forcing more demand far other
advanced fuel feed stocks such as biodiesel and sugarcane ethanol.

A detailed diagram of the US biofuels models is presented below. The demand for biofuels is largely
mandate driven. However, if crude oil price edge higher it is possible for ethanol demand to be driven by
market forces although the blend wall presents another hurtle. The supply of biofuels is driven by the
profit margins of the biofuel plants. Profit margins are derived by subtracting the cost of the feed stocks
and other variable costs of production from the valued of the products. In the case of ethanol, the value
of the ethanol plus the value of the byproducts including corn oil and distiller’s grains form the gross
returns. The cost of ethanol is composed of the feed stock cost, primarily corn, and the other inputs.

In the case of biodiesel, the value of biodiesel and the byproduct glycerin form the gross returns. The
cost of producing biodiesel is composed of the feed stock costs such as vegetable oils, waste oils, corn
oil and other inputs. The respective margins for ethanol and biodiesel drive capacity expansion in the
longer term and capacity utilization in the short term for each sector. Equilibrium between biodiesel
supply and demand is found by solving for the biodiesel price.

e —
1/19/2014
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US Biofuels Partial Equilibrium Models

Corn Ethanol Biodiesel

Ethanol

Price | Com Price
; P ing
DDG Price Margin
Other Costs|
Com Oil l_l_l Waorld Sugar
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| | razil Ethano Brazil Ethano
Demand Supply
4 ! !
Com Oil Ethanol Distillers’ Grains Brazil Ethano
Production Production Production Price
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Stocks Use L Use
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The WAEES Global Modeling Process

Forecast Assumptions

WAEES begins each semi-annual forecast by developing a set of conditioning assumptions that will be
used for the forecast. These assumptions include the critical domestic and trade policies affecting
agriculture and biofuels in each country; macroeconomic conditions such as per capita income growth,
population growth, inflation rates, and exchange rates; technology assumptions such as crop vyield
growth; and key cost of production drivers such as interest rates, petroleum prices, wage rates, and
other trends in tastes and preferences. Infrastructure constraints and land area expansion assumptions
are also outlined in this process. These assumptions are direct inputs into the WAEES global agricultural
partial equilibrium models.

Historical Data

The second step in the process is updating all historical data to the latest numbers. A large portion of
the historical supply and demand data is drawn from USDA'’s Production, Supply, and Disposition (PSD)
database. Historical data on crop area, yield, and production for each of the EU-28 countries is taken
from Eurostat and supplemented with data from each of the country Ministries of Agriculture as
needed. Some historical data such as sugarcane and sugar beet area harvested is taken from FAOSTAT,
but the data is reviewed for consistency prior to being used in the models. Historical data on
commodity prices are taken from a variety of sources including the respective Ministries of Agriculture
(or equivalent) in each country, USDA, FAQ, etc. Historical government policy information is gathered
from USDA Gain Reports, the WTO, OECD, FAQ, and the respective Ministries of Agriculture (or
equivalent) in each country.

The timing of historical data releases determines when the WAEES forecasts are completed. The critical
updates for PSD’s global livestock data occur in April and October. The global crops data is updated
more frequently throughout the year. Since the size of the southern hemisphere crops are generally
available in April/May and the size of plantings in the narthern hemisphere crops are generally known,
WAEES conducts the first of the semiannual forecasts over the month of May targeting the beginning of
June for release of the forecast numbers. The second forecast is typically done over the month of
November targeting the beginning of December for a release of the forecast numbers. At this time of
the year, the northern hemisphere crop sizes and the southern hemisphere plantings are generally
known.

Model Development and Equation Updates

The WAEES global partial equilibrium models are in a constant state of review to ensure that the
equation are performing adequately, the model structure is adapted to changes in the marketplace,
changes in data sources are captured, and new coverage is added as necessary. While WAEES does not
keep an exact count on the number of equations in the system, it now exceeds 20,000 equations. The
performance of the behavioral equations within the system are continuously monitored within the
system based on their percent root mean square errors, consistency with market behavior, and their
recent pattern of historical errors. Prior to each forecast, the equations are reviewed and replaced as
needed.

Model Calibration and Adjustment

After the historical data has been updated, each equation is recalibrated to the updated historical data.
After reviewing the equation performance as per the description above, the model adjustment factors
are set for the first forecast year. These adjustments are set based on a weighted average of the

T
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equations errors over the previous 3-5 years in the model. In 99.5% of the equations this adjustment
factor is held constant over the forecast horizon of 2013 through 2030. There are a few equations,
particularly in the livestock sector, where adjustments are used to generate the livestock cycles.

Generating the forecast

After capturing the forecast assumptions, updating the historical data, reviewing the model equations,
and calibrating the model, the model is then solved to generate a global forecast of commodity prices
that balances supply and demand within each country and around the world. Since the commodities are
highly interrelated within the model sometimes the forecast assumptions generate unexpected results
and/or push the model into a region outside the experience based on historical data. The global
solution is carefully reviewed and the equation results are evaluated based on direction and magnitude
of response, and if necessary, the model equations are adjusted and the model is re-solved for a new
global solution. These corrections are usually small or not needed, but some scenarios can push the
model into untested ranges.

R —————————
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REASSESSMENT OF LIFE CYCLE GREENHOUSE GAS EMISSIONS
FOR SOYBEAN BIODIESEL

A. Pradhan, D. 8. Shrestha, J. VanGerpen, A. McAloon, W.Yee, M. Haas, J. A. Duffield

ABSTRACT. This study updates the life evele greenhouse gas (GHG) emissions for sovbean biodiesel with revised system
boundaries and the inclusion of indirect land use change using the most current set of agricultural data. The updated re-
sults showed that life cycle GHG emission from biodiesel use was reduced by 81.2% compared to 2005 baseline diesel.
When the impacts of lime application and soil N>O emissions were excluded for more direct comparison with prior results
published by the National Renewable Energy Laboratory (NREL), the reduction was 85.4%. This is a significant improve-
ment over the 78.53% GHG reduction reported in the NREL studv. Agricultural lime accounted for 50.6% of GHG from all
agricultwral inputs. Soil N>O accounted for 18.0% of total agricultural emissions. The improvement in overall GHG re-
duction was primarily due to lower agricultural energy usage and improved sovbean crushing facilities. This study found
that soybean meal and oil price data from the past ten vears had a significant positive correlation (R° = 0.73); hence, it is
argued that soyvbean meal and oil are both responsible for indirect land use change from increased soybean demand. It is
concluded that when there is a strong price correlation among co-products, system boundary expansion without a proper
co-product allocation for indirect land use change produces erroncous results. When the emissions associated with pre-
dicted indirect land use change were allocated and incorporated using U.S. EPAmodel data, the GHG reduction for bio-

diesel was 76.4% lower than 2005 baseline diesel,

Keywords. Biodiesel, Biofiel, Greenhouse gas emissions, Land use change, Life cycle analvsis, Sovbean.

iofucls are becoming popular alternatives to fos-

sil fuels, with state and federal policics, such as

the Renewable Fucl Standard (RFS2), signifi-

cantly increasing their demand over the past sev-
eral years (EPA, 2010a). Although biofuels have the poten-
tial to become completely renewable, their production with
today’s technology requires some nonrenewable resources,
c.g., synthetic fertilizers are used to improve yields. and
fossil fuels are used for powering farm equipment.

The first comprehensive life cycle inventory (LC1) for
biodiesel (BD) produced in the U.S. from soybean oil was
published by the National Renewable Energy Laboratory
(NREL) (Sheehan et al., 1998). The purpose of the NREL
study was to conduct a lifc cycle assessment (LCA) to
quantify the energy and emissions associated with the pro-
duction and use of soybean biodiesel and compare it to pe-
troleum diesel. The study took into account the emissions

Submitted for review in December 2011 as manuscript number
FPE 954K; approved for publication by the Food & Process Engineering
Institute Division of ASABE in Octaber 2012,

The authors are Anup Pradhan, ASABE Member, Agriculture Engi-
neer, Dev 8. Shrestha, ASABE Member, Associate Professor, and Jon H.
Van Gerpen, ASABE Member, Professor, Department of Biological and
Agricultural Engineering, University of Idaho, Moscow, Idaho; Andrew J.
McAloon, Cost Engincer, Winnie Yee, Chemical Engincer, and Michael
J. Haas, Chemist and Lead Seicntist, USDA-ARS Eastern Regional Re-
search Center, Wyndmoor, Pennsylvania; and James Duffield, Senior Ag-
ricultural Economist, USDA Office of the Energy Policy and New Uses,
Washington, D.C. Corresponding author: Dev S. Shrestha, Departiment
of Biological and Agricultural Engineering, University of Idaho, P.O. Box
442060, Moscow, 1D 83844, phone: 208-885-7545; e-mail: devsi@uidaho,
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associated with soybean agriculture, transport, crushing, oil
transesterification, biodiesel transport, and use of biodiesel
in a city bus. The study used 1990 soybean production data
from the Farm Costs and Return Survey (FCRS) conducted
by the USDA. The data for soybean crushing came from a
performance study conducted in 1981. The study used a
1994 transesterification model from a single commercial
transesterification facility.

The NREL study reported that soybean biodiesel re-
duced carbon dioxide (CO,) emissions by 78.5% compared
to petroleum diesel. The reason behind this reduction is that
biomass-derived fuels participate in the relatively rapid cy-
cling of carbon to and from the atmosphere. Biomass-
derived carbon that ended up as CO, leaving the tailpipe of
a city bus was subtracted from the total CO, as part of the
biological recycling of carbon.

The objective of this study is to update the life cycle
greenhouse gas (GHG) emissions calculations based on the
most recent complete sct of data for soybean biodiesel pro-
duction via base catalyzed transesterification. Even though
more current partial data for agriculture were available, the
data used in this article are from 2006. It is important to use
agricultural data from a single year, as agricultural data
vary significantly from year to year depending on factors
such as weather and pest infestation. The yvear 2006 was the
most recent year that had a complete set of agriculture data
available. This study compares the new LCA result with the
NREL result and provides an explanation of the reasons for
any differences. This study also points out the potential pit-
falls of the system boundary expansion approach for im-
pact assessment of indirect land use change, including the
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assumption that this approach will automatically account
for co-product allocation.

METHODOLOGY

This study takes two different approaches; the first is the
“base case,” the methodology of which is consistent with
the NREL’s attributional LCA. Auributional LCA (ALCA)
is a “business as usual” method that accounts for environ-
mentally relevant physical flows to and from a product sys-
tem. ALCA usecs average values based on normal, current
business practices. ALCA does not include any indirect ef-
fects that arc not directly related to the production of bio-
diesel. The second approach is the “consequential” LCA,
which includes factors such as indirect land use change.
Consequential LCA (CLCA) aims to predict the conse-
quences if changes are made to an established process.
CLCA includes indirect changes in addition to direct ef-
fects.

The system boundary for the base case in this study 1s
similar to that of the NREL study, except for inclusion of
the use of agricultural lime (to improve soil pH) and soil ni-

trous oxide emission, and exclusion of oil transport. The
list of inputs and outputs for the attributional LCA is shown
in table 1. Agricultural lime was included in the base case
because it is used periodically on soybeans and was inad-
vertently omitted from the NREL analysis. The impact of
soybean oil transport was studied separately and not in-
cluded in the base case because, for the most part, the soy-
bean oil biodiesel plants considered in this study are co-
located with soybean crushing plants. The GHG emissions
were estimated from energy and material inputs in the pro-
duction process. The emissions were calculated by multi-
plying the inputs by the corresponding emission factor. The
data for estimating the effect of indirect land use change
were borrowed from a recent EPA analysis (EPA, 2010b).
Three major anthropogenic greenhouse gases (CO-,
CH,, and N.O) were used to estimate the net GHG emis-
sions. All emissions were reported as COs-equivalent
(COsc) emissions. The CO,e value indicates a GHG's glob-
al warming potential (GWP), as advocated by the Intergov-
ernmental Panel on Climate Change (IPCC). GWP indi-
cates the relative strength of radiative forcing (RF) of a
GHG compared to CO; integrated over time. Therefore,
CO:; has a GWP of unity. The IPCC Second Annual Report

Table I. Energy requirements of the inputs without co-product allocation,

Inputs Quantity Used Embedded Energy #C0.e Factor aC0e !
Sovbean agriculture {per ha)
Diesel 3L sompLt 89.7MJ ! 107,233.7
Gasoline 128L" aMiLt 90.9 MJ* 37,698.0
LP Gas 20LM 23.7MIL M 76.1 MJ! (4 3.607.1
Natural gas 41m' 36.6 MIm* ™M T24M3T M 10,8643
Nitrogen 33kg™ - 36" 11,880.0
Phosphorus 12,1 kg™ - 1.2 gt 14,520.0
Potassium 224k - 0.8 gt 17,920.0
Lime 4637 kg E 06"t 278,220.0
Seed 68.9 kg ! - 189.3 kg' 4 13,042.8
Herbicide Lokg " 2 35gg" M 41,280.0
Insecticide 0.04 kg 1" - 300g" ™ 1,200.0
Electricity 17.1 kWh ™ 3.6 MJ kWh' ¥ 208.4 M) 1 12,829.1
Subtotal: 550,295.0
So1l N-O emission {per ha) 120,468.5
Sovbean transport {per ha) 56,464.3
Soybean crushing (per L of BD))
Electricity 2123 Wh™ 3.6 MJ kWh!' 2084 M) 159.3
Natural gas 0.1 m' " 36.6 MIm* Y 724 6y 1 291.5
Hexane 11gh - 0.2¢' ™ 2.2
Subtotal: 453.0
Biodiesel conversion (per L of BD)
Electricity 44.6 Wh™ 3.6 MIKWH!' 208.4 MY 334
Steam at 10.3 bar (150 psi) 1241 ™ 20MJI kg SCRE.Y AN 29.6
Methanol 96.7g™" 200 MI kg™ 67.7 M) 131.6
Sodium methylate 7™ ) 79g'™ 21.3
Hvdrochlorie acid 05gh - 135" 6.8
Subtotal: 2227
Bindiesel transport and distribution (per L of BD) 225
Biodiesel combustion {per L of BD) 21.7

2006 ARMS and ERS data (dats were obtained from the USDA through special request),

)

ANL, 2010.
I DOE, 2008.
HOEPA,2010d.

' Product of columns 2, 3 (when applicable), 4. and proper unit conversion factor to get emission in gCO-e.

I NASS, 2007.

' Direet unit conversion.
M ARS model.

Steam table data.

U Natwral gas as fucl with 60.8% boiler efficiency (stcam generation at 150 psig = 1411 B Ib’', and the enthalpy of cvaporation
from the steam table = 858 Btu Ib”, which gives the total natural gas to steam usage cfficiency of 858/1411 = 60.8%).

1 Shechan et al., 1998
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(SAR) assesses the GWP of CH; as 21 and N,O as 310 for
a 100-year horizon (IPCC, 1996). The IPCC Third Assess-
ment Report (TAR) re-evaluates the GWP of CH, as 23 and
N-O as 296 for the same time horizon (IPCC, 2001). The
United Nations Framework Convention on Climate Change
reporting guidelines for national inventories were updated
in 2006 but continue to require the use of GWP values from
the IPCC SAR (UNFCCC, 2006). This requirement of us-
ing SAR GWP values ensures that new estimates of aggre-
gate GHG emissions are consistent with estimates devel-
oped prior to the publication of the IPCC TAR and the
IPCC Fourth Assessment Report (AR4), which re-evaluates
the GWP of CH; as 25 and N,O as 298 (IPCC, 2007). In
order to comply with UNFCCC reporting standards, this ar-
ticle uses SAR GWP values. The U.S. EPA also follows
UNFCCC guideline and uses GWP values from SAR (EPA,
2010¢) in its renewable fuel standard (RFS2) life cycle
analysis.

The GHG emissions for soybean biodiesel production
were expressed as grams of COs-equivalent (gCOse). The
energy inputs were multiplied by the embedded energy
(low heating value for all fossil fuels) of the input and then
multiplied by the appropriate GHG factor (table 1). For the
non-energy inputs, where energy equivalence is not appli-
cable, the input was directly multiplied by the GHG factor
to calculate gCOse. The results were compared with 2005
baseline diesel GHG emissions, as required by The Energy
Independence and Security Act (EISA) of 2007, to quantify
the relative benefits of soybean biodiesel.

DATA DESCRIPTION AND ASSUMPTIONS
Soybean Agriculture

At the time of the Sheehan et al. (1998) study. the most
recent soybean production data were from the USDA 1990
Farm Costs and Return Survey (FCRS). In this article, all
farm input and direct energy data for soybean production
are from 2006, the most recent set of soybean survey data
available at the time of this study. Agricultural inputs and
outputs. such as yields and use of pesticides, vary from year
to year. Therefore, mixing and matching agricultural data
from different years can produce an unrealistic picture.
Temporal variation could be minimized by averaging sev-
eral years of data, but complete scts of agricultural data are
not generally available for multiple consecutive years.
Therefore, a complete set of the most recent agriculture da-
ta from a single year was used in this study.

In order to ensure that 2006 was not an abnormal year,
which could bias the result, we carried out a lincar regres-
sion analysis on yields from 1980 to 2010. This analysis
verified that the yield for 2006 was within the 95% confi-
dence interval (36.4 to 48.8 bu ac™') of predicted yield. The
fertilizer, lime use, and direct energy use (such as diesel,
gasoline, and natural gas consumption) were from the 2006
Agricultural Resource Management Survey (ARMS) and
National Agricultural Statistics Service (NASS) data com-
piled by the USDA Economic Research Service (ERS).
Chemical data for 2006 were from a chemical survey con-
ducted by NASS (NASS, 2007). The 2006 ARMS and
NASS soybean survey provided detailed state-level data for
19 major U.S. states. The state soybean yield data were cs-

timates reported by NASS (NASS, 2010). The national av-
erage yield was 2906.7 kg ha” (43.2 bu ac™) in 2006. The
soybcan farm survey data were weighted by state acreage
to derive the average quantity used for U.S. soybean pro-
duction. The CO,e emission values were from the Excel
sheet “emission factors” in EPA data (EPA, 2010d). The
CO,, CH;, and N,O cmissions for hexane and agricultural
lime, not provided in the EPA report, were from the Excel
sheet “BD" in the GREET (Greenhouse gases, Regulated
Emissions, and Energy use in Transportation) model (ANL,
2010). These CO-e emission values were then converted to
COse factors using SAR GWP values.

Soil Emission Data

This study used soil N-O emissions (not available at the
time of the NREL study) from the GREET model (ANL,
2010). N>O 1s emitted through (1) direct emissions (includ-
g nitrification, denitrification, and volatilization) from the
soil to the air, and (2) indirect emissions (including leach-
ing and runoff of nitrate into waters) (Huo et al.. 2009).
N.O emissions from the biological fixation of nitrogen are
not included n the model. as the IPCC, in the 2006 guide-
lines, removed biological fixation of nitrogen as a dircet
source of N>O (IPCC, 2006).

The GREET model (ANL, 2010) estimates soil N,O
emission using the total amount of nitrogen in the soybean
biomass left in soybean fields (aboveground and below-
ground biomass) and in the nitrogen fertilizer applied.
GREET estimates 7.4 g of nitrogen in the biomass per kilo-
gram of soybean produced (200.7 g N bu™ soybean). IPCC
suggests an average conversion factor of 1% for the pro-
duction of N-O from biomass nitrogen and fertilizer nitro-
gen (IPCC, 2006). To estimate the total N-O emission, 1%
of the summed nitrogen content from biomass and synthetic
fertilizer was multiplied by the factor 1.57 to account for
the ratio of the molecular weights of N>O and N, per IPCC
recommendations. Using values from the GREET maodel,
the N>O emission from the soil was estimated to be 388.1 g
N-O ha' (3.63 g N,O bu'™).

Soybean Transport

The average hauling distance for soybeans from the
point of production to that of processing depends on the
crushing capacity of the plant. For an oil crushing plant
with an annual capacity of 378 million L (100 million gal),
the theoretical minimum hauling distance was calculated to
be 56 km (35 mi), assuming a corn-soybean rotation and
that the crushing plant was located at the center of a square-
shaped agricultural area from which it draws the soybeans
(Biodiesel Education, 2012). Because of system inefficien-
cies, the actual hauling distance would be greater than this.
A one-way trip of 81 km (50 mi) was assumed to be the av-
erage distance to haul soybeans to the crushing/biodiesel
plant using a truck as the mode of transportation (ANL,
2010). This cstimation was based on 16 km (10 mi) to
transport soybeans from farm to storage and another 64 km
(40 mi) to transport soybeans to the crushing/biodiesel
plant. The GREET model estimates of CO,, CHs, and N,O
emissions for soybean transportation were 512.32, 0.5886,
and 0.0133 g bu’ respectively, Using SAR GWP, the COze
for soybean transport was estimated to be 56,464.3 g ha’

2259

ED_000313_0365_00002632



(529 g bu) (table 1). The theoretical analysis provided a
mcans of data verification.

Soybean Oil Extraction and Transesterification

This study uscs the energy input data for soybean crush-
ing, hexane extraction of the oil, and biodiesel production
via alkali-catalyzed transesterification from a biodiescl
plant model developed by the USDA-ARS using SuperPro
designer (Intelligen, Inc., Scotch Plains, N.J.). The ARS
model was prepared from process designs, equipment spec-
ifications, costs, and energy consumptions that were pro-
vided by technical experts and equipment suppliers to the
soybean crushing and biodiesel industry. The model esti-
mates the electrical and thermal energy inputs required for
hexane extraction and its subsequent refining and conver-
sion to biodiesel at an annual scale of 38.6 million L
(10.2 million gal) of biodiesel, 137491 Mg of soybean
meal, 8,167 Mg of soybean hulls, and 3,975 Mg of crude
glycerin. The model used in the analysis allows the plant to
generate its own steam from natural gas with a life cycle ef-
ficiency of 60.8% (table 1). The model does not represent
an industry average, but it provides a blueprint of a specific
biodiesel plant based on the best information available from
cquipment manufacturers and communication with the in-
dustry.

Biodiesel Transport, Distribution, and Combustion

The biodiesel transport and distribution data used in this
study were laken from the GREET model (ANL, 2010),
which estimates a one-way trip of 540 km (335 mi) for bio-
diesel transport and distribution using a combination of
truck, barge, and rail. This estimation was based on 52 km
(32 mi) by truck, 68 km (42 mi) by barge, and 373 km
(232 mi) by rail to transport the biodicsel to a distribution
center, and another 48 km (30 mi) by truck to transport the
biodiesel to its final destination. The GREET estimates of
COs, CHy, and N;O emissions for biodiesel transport and
distribution were 704.7, 0.81, and 0.0167 g mmBtu' BD,
respectively. Using SAR GWP, the COse for biodiesel
transport and distribution was estimated to be 0.7 g MJ”!
fuel (22.5 ¢ L' BD) (table 1).

The CO- emission from biodiesel combustion was not
included in the model because it is assumed to be equal to
the amount of CO; captured by soybeans during photosyn-
thesis. Exclusion of CO, emission is consistent with the
NREL study. The combined N,O and CH. emission {rom
biodiesel combustion was estimated to be 21.7 gCOe L
BD (EPA,2010d) (table 1).

CO-PRODUCT ALLOCATION

In order to provide a consistent comparison to the NREL
report, this study used a mass-based allocation method that
allocates energy and cmissions to the various co-products
by their relative weights. The USDA Economic Research
Service (ERS, 2009) reported a 2006-2007 U.S. average oil
vield of 0.189 kg oil kg soybean (11.34 Ib bu™). This ex-
traction rate is higher than the 0.169 kg oil kg™ soybean
(10.16 1b bu) used in the NREL study. The oil extraction
rate for crop year 2006-2007 was used in this study in order
to be consistent with the 2006 ARMS agricultural input da-

2260

Table 2. Basc case emissions for biodicsel with co-product allocation.

Emissions
Allocation (2C0Ose GJ' biodiesel)
Factor Before After
Subsystem (%) Allocation”  Allocation
Soybean agriculture 18.4 28,1289 51757
Soil N.O emission 18.4 6,1579 1,133.1
Soybean transpont 18.4 2,886.2 531.1
Oil recovery 18.4 13,853.2 2,549.0
Biodiesel conversion £89.9 6,810.4 6,122.5
Biodicsel transport 100 6881 688.1
Biodiesel combustion 100 663, 1 663.1
Total 59,187.8 16,862.6
Diesel emissions 89,668.2
(g0 G)' diesel)™
GHG reduction for biodiescl 81.2

relative to dicsel (%)

From table | (last column of table | was converted to gCO G
biodiesel using conversion factors of 19,563.3 MJ of energy from
biodiesel ha' and 32.7 MJ L of biodiesel).

DOE, 2008.

0

ta. After excluding the hulls and waste material, the soy-
bean produced 20.5% oil and 79.5% meal by weight. Total
cmissions from biodiesel were allocated between oil and
meal accordingly.

Transesterification of soybean oil produces biodiesel and
crude glycerin. The NREL model of transesterification used
a biodiesel to crude glycerin production ratio of 4.7:1
(10.504 kg h™" for biodiesel and 2,235 kg h™' for crude glyc-
erin). According to this ratio, the NREL study allocated
82.4% to biodicsel and 17.6% to crude glycerin. However,
modern plants have biodiesel to crude glycenn ratios of
about 10:1 by weight (da Silva et al., 2009; Thompson and
He, 20006; Van Gerpen et al., 2006). The model in this study
uses output rates of 4,256.3 kg h”' for biodicsel and 479 kg
h! for crude glycerin. This corresponds to a ratio of 89.9%
biodiesel to 10.1% crude glycerin, which is close to the
modern industrial average. The co-product share of crude
glycerin was deducted from the estimated GHG emissions
of soybean agriculture, soybean transport, and oil recovery.
The overall allocation for soybean agriculture, soybcan
transport, and oil recovery was thercfore 18.4% (20.5% x
89.9%), as shown in table 2.

RESULTS AND DISCUSSION

The average soybean vield was 2,907 kg ha' (43.2 bu
ac”) in 2006 (NASS. 2010). With 0.189 kg oil kg soybean
and 96% conversion efficiency [rom oil to biodiesel by
weight, each hectare of soybean production is equivalent to
598.7 L of biodiesel (64.12 gal BD ac']}, Biodiesel has a
lower heating value (LHV) of 32.7 MJ L™ (Sheehan et al.,
1998).

The gCOse values from table 1 were converted to con-
sistent units of gCOse per Gl of biodiesel output (table 2).
The conversion used was | ha of soybean production is
equivalent to 19,563.3 MJ of energy from biodiesel.

The reduction in GHG emission (81.2%) compared to
the reduction reported by NREL (78.5%) was mainly be-
cause of improved agricultural management practices and
increased energy efficiency in soybean crushing. Since the
time of the NREL study. soybean yield has consistently im-
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proved due to genetically engineered varieties, improved
chemical applications, and new management practices (Ash
et al., 2006). For example, in conjunction with reduced
chemical applications and improvements in management
practices, fewer equipment trips across the fields are re-
quired. Largely as a result of this, diesel fuel use decreased
from 49.4 L ha' (5.29 gal ac”) in 1990 to 33.3 L ha' in
2006, and gasoline use decreased from 29.0 to 12.8 L ha™
during the same period. In addition, recently constructed
soybean crushing facilities are more energy cfficient than
older facilities. For instance, since 2002, the U.S. EPA has
required soybcan plants to limit their hexanc usc (EPA,
2001). Currently acceptable levels of hexane loss are less
than one-third of the level reported in the NREL study
(Woerfel, 1995). As a consequence, the new hexane input
value used in this study is one-half of that reported in the
NREL study.

EFFECT OF ADDING AGRICULTURAL LIME

The NREL study did not consider the impact of agricul-
tural lime usage on GHG production. Lime is added period-
ically to reduce soil acidity and to increase soybean yield.
The average lime application for soybean production for
crop vear 2006 was 463.7 kg ha” (NASS, 2007). With
0.6 gCOe g applied lime (CaCOs) (ANL, 2010), the CO,
cmission associated with lime use was estimated to be
278,220.0 gCO-¢ ha'. The GHG emission for lime was
mainly from mining and processing. Of all agricultural in-
puts, lime contributed the most GHG. In fact, the emission
from lime was 50.6% of the total GHG from agriculture in-
puts and 2.5 times more than the emission from dicsel use,
the next largest source of GHG emissions from agricultural
inputs. Therefore, lime adds a significant amount of GHG
emission to the soybean biodiesel life cycle assessment.
The inclusion of lime was also recommended by Landis et
al. (2007). The main reason for this high emission from
lime is that the quantity of lime applied is significantly
higher than other inputs (table 1). If agricultural lime was
not included, for a more direct comparison to the NREL re-
port, then the GHG reduction from the use of biodiesel
relative to petroleum diesel would have been 84.1%, com-
pared to the 81.2% value in table 2.

EFFECT OF ADDING N, O EMISSIONS FROM SOILS

The NREL estimate did not include soil N2O emissions.
N->O emissions accounted for 18.0% of total GHG emission
from soybean agriculture (emission from agricultural inputs
plus soil N-O). 1f soil N2O emissions were not included in
the base case study, then the reduction in GHG emission
from the use of biodiesel would have been 82.5% rather
than 81.2%. The soil N;O emissions contribute 6.7% of to-
tal life cycle GHG emissions for biodiesel production, and
hence cannol be neglected. If both lime and N>O emission
were excluded from the life cycle inventory, for a direct
comparison with the NREL results, then the GHG reduction
for biodicsel relative to petroleum diesel would have been
85.4%, compared to 78.5% reported in the NREL study.
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EFFECT OF ADDING SOYBEAN OIL TRANSPORT

The base case estimation did not include emissions as-
sociated with soybean oil transport because this study as-
sumed that the soybean crushing facility and biodiesel con-
version plant were co-located. However, several biodiesel
plants purchase o1l and transport it to their plant. The
NREL study included oil transport in its life cycle invento-
ry. which added 560.9 gCO5c GJ' BD for 919 km (571 mi)
using rail as a mode of transportation. This is equivalent to
61.0 gCOse GJ™' BD for 100 km of oil transport, This is on-
ly 1% of the emissions for biodiesel conversion. Thus, if oil
transport from the crushing site to the biodiesel production
sitc is a short distance, then emissions from oil transport
can be neglected without causing much error.

EFFECT OF LAND USE CHANGE (LUC)

In addition to direct emissions, the 2007 EISA requires
that calculations of life cycle GHG emissions include all
significant indirect emissions, such as significant emissions
from indirect land use changes (ILUC). The LUC estimates
(both direct and indirect) used by the EPA include domestic
and international land use conversions induced by in-
creased consumption of renewable fuels in the US. A
summary of the EPA calculations for GHG emissions from
LUC is shown in table 3.

International land use change is land use change in all
countries other than the U.S. How land is used is assumed
to be determined by the relative profits from various activi-
ties. The EPA estimated the land use change impact with a
30-year horizon beyond the year 2022, when RFS2 is fully
implemented, with a 0% discount rate for its rulemaking
(EPA, 2010¢c). A 0% discount rate means that the GHG
emissions today are worth the same as emissions 30 vears
from now. To calculate the annual land use change impact
for the next 30 years, an emission average was calculated
using the following equation:

29
[ Luc,
LHE GREG =220 (1)
- 30
where LUC_GHG is the annual GHG per GJ of biodiesel,
and LUC, is the GHG emission due to land use change in
the nth year. Year 0 in equation | is the year 2022, The
LUC_GHG value estimated from this equation using data

Table 3. Summary calculation of annual life cycle GHG emission from
LUC for the vear 2022 and bevond (Source: EPA, 2010b).

Emission

(gC0.e GJ' Biodiesel)'”

Year Years Years
Emission Category 1] 1-19 20-99
International land use change 1114419 5078 -114
Domestic soil carbon™ -252.977 0 0
Domestic livestock -1.991 -1,991 -1,991
Domestic rice methane 7,536 -7,536  -7.536
International farm mputs and fert. N,O 5120 5,120 5,120
International livestock -6, 100 -6,100  -6,100
International rice methane 2,066 2,066 2,066
Total 853,001 -3,363 -8,555

“I" The conversion factor | GJ = 0.948 mmBu was used to convert to
2C0.e G biodiesel from the original EPA calculations.

" Average domestic soil carbon was used for years 1-19 and 20-99.
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from table 3 is 23,452 ¢CO.e GJ' biodiesel. The EPA as-
sumed that LUC_GHG in cquation | is caused solely by the
shift in the equilibrium of demand for soybean oil and that
no allocation of land use change GHG to the co-products is
needed (EPA, 2010e). In other words, increased demand for
oil is the only driving force in shifting the equilibrium. This
assumption is based on the economic principle that assumes
when oil price goes up, more soybeans will be crushed,
thus increasing the oil supply, and as a result, the supply of
meal also increases. With a static demand for meal, as sup-
ply increases, the meal price would go down, in which
case, it could be argued that the meal is not a driving factor
in LUC. Contrary to this assumption, the recent price trend
data for soybean meal and oil show that they both go up
simultanecously.

The USDA-ERS price data for oil and meal over the
past ten years were regressed. The prices of oil and meal
had a statistically significant positive correlation, with R? =
0.73 (p < 0.0018) (fig. 1). Another source (IndexMundi,
2012) of historical monthly commodity price data showed
that soybean oil and soybean meal prices had a positive
correlation, with R” = 0.80 (p < 0.0001) for the period 2002
to 2012, Soybean prices also increased during the same pe-
riod. The sovbean meal price could have increased just be-
cause of the higher soybean prices, and the correlation we
observed could thus have been just an artifact of an increas-
ing soybean price. To test if this was the case, a relative in-
crease in oil price was compared to a relative increase in
meal price. It is important to compare the relative increases
in price, as oil has a much higher price per unit of mass
compared to meal. For a relative comparison, the prices of
oil, meal, and soybean were normalized using equation 2:

Normalized price =
Price — Minimum price (2)

Maximum price — Minimum price

Equation 2 linearly scales the prices of oil, meal, and
soybean between 0 and 1. The normalized prices for oil and
meal were regressed with the normalized price of soybeans

Meal price (¢/Ib)
w I

-
-

10 20 30 40 50 a0
Oil price (¢/Ib)

Figure 1. Annual average price of soybean oil and meal from 2000 to
2009 (source: ERS, 2011).

using equations 3 and 4:

Normalized oil price =
(3)

a, + by x Normalized soybean price

Normalized meal price = -
a, + b, x Normalized soybean price

The slopes of the linear lines (b; and b») represent the
relative increase in the price of oil or meal compared to the
price of soybeans. The regression analysis showed b, =
0.94 and b, = 1.00. This result tells us that the oil price in-
creased by only 94 cents per dollar increase in the soybean
price, wherecas the meal price increased dollar per dollar
with the soybean price. Since the slope of the normalized
meal price (b;) was greater than the slope of the normalized
oil price, it was concluded that the relative price of meal
was increasing at least as rapidly as the price of oil.

A strong positive corrclation between meal and oil indi-
cates that demand for meal and oil increase proportionally.
From these results, it was concluded that the price of soy-
bean meal is as strong an incentive to trigger LUC as soy-
bean oil. If price is the driving force, then both meal and oil
are the drivers for LUC. In the EPA analysis. the system
was expanded to include soybean meal in the partial equi-
librium model, which assumes constant meal use. The as-
sumption of constant meal use effectively allocates all LUC
emissions 1o soybean oil, as the model assumes that soy-
bean oil is the only driving factor for LUC.

The strong positive correlation between oil and meal
price shows that both co-products act together as a unified
driving force in any resulting LUC impact. The extent to
which meal should be held accountable for indirect land
use change depends on the correlation between meal and
oil prices. If there were no positive correlation, then oil
price increases alone could be blamed for all indirect land
use change, and all LUC _GHG could be attributed to oil, as
was done in the EPA study (EPA, 2010d). However, since
there is a statistically significant positive correlation be-
tween oil and meal prices, the LUC_GHG effects should be
allocated to both meal and oil. Thus, equation 1 becomes:

29
LUC,

LUC GHG = "=03—a* Allocation factor (5)

where the allocation factor partitions the GHG impact to its
meal and oil sources, This equation takes into account the
fact that both soybean meal and oil are responsible for
LUC_GHG, and it attempts to identify the proportion of
this value that is attributable to soybean oil production. As-
suming the same soybean oil allocation factor for indirect
land use change that was applied for soybean agriculture
(18.4%), the LUC_GHG was estimated to be 4,315 gCOse
GJ' BD (instead of the value of 23,452 gCOse GI'' in the
absence of allocation).

The reduction in GHG emissions from the use of bio-
diesel, compared to 2005 baseline diesel, was 76.4% after
inclusion of LUC (compared to 81.2% before inclusion).
The GHG reduction of 76.4% was significantly greater than
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the 57% reduction reported by the EPA in its RFS2 rule-
making (EPA, 2010c¢). The difference arises from the appli-
cation of the allocation factor to partition GHG impact be-
tween oil and meal. The EPA report assigned an allocation
factor of 100% to soybean oil and hence to biodiesel. That
is, the total GHG impact of land use change was attributed
only to biofuel. If a similar assumption is made in this
study. then the GHG reduction is estimated to be 55.0%
which is close to the value of 57% that was reported by the
EPA.

SUMMARY AND CONCLUSIONS

Using the most recent set of agricultural data available,
from the 2006 crop year, soybean biodiesel production and
usage were calculated to result in an 81.2% reduction of
GHG emissions relative to those calculated for petroleum
diesel usage bascd on 2005 data. This caleulation incorpo-
rated agricultural lime application and soil N-O emissions.
If ime and N-O were not included, for a more direct com-
parison with the 1998 NREL study, the reduction would
have been 85.4%. This is a significant improvement over
the 1998 NREL study, which reported a total GHG reduc-
tion of 78.5%. The improvement in GHG emission reduc-
tions was mainly due to reduced agricultural energy usage
and improved energy efficiency in modern soybean crush-
ing facilities.

The base casc in this study used a similar system bound-
ary as the 1998 NREL study, cxcept that agricultural lime
use and soil N>O cmissions were added, and soybean oil
transport was omitted. Lime contributed about 50% of the
total GHG emissions from soybean agriculture. The GHG
emission from lime use was about 2.5 times higher than
that of diesel use, the second highest contributor of GHG
emissions from agricultural inputs. The emission from soil
N>O was about 18.0% of total emissions from agricultural
and 6.7% of the total biodiesel life cycle GHG emissions.
Therefore, it was concluded that soil N-O emissions are
significant and cannot be ncglected. The impacts of oil
transport were excluded from the base case n this study
because most biodiesel plants are co-located with oil crush-
ing facilities. The analysis revealed that GHG emission
from oil transport of 100 km was equivalent to only 1% of
the GHG emission from transesterification. Therefore, the
GHG emission from oil transport for short distances could
be negleeted without causing much error in the final result.

Because soybean oil prices had a strong positive correla-
tion with meal prices, it was argued that both meal and oil
prices are responsible for shifting the equilibrium of soy-
bean demand. Holding only soybean oil responsible for
land use changes, with the assumption that soybean meal
price does not change or decrcase because of increased
meal supply, was found to be erroneous. When the emis-
sions associated with land use change (direct and indirect)
were incorporated into the base case results, the net GHG
reduction from biodiesel use was found to be 76.4% less
than the emissions for 2005 baseline diesel.

S5(6): 2257-2264
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DRAFT Staff Summary:
Mixed Feedstock for Renewable Diesel
Method 2B Pathway
Diamond Green Diesel

Plant Summary

Diamond Green Diesel (DGD) has submitted a Method 2B application for the production
of mixed-feedstock renewable diesel (RD) at its St. Charles, Louisiana plant. The

St. Charles plant, which is currently under construction, will be capable of producing
420,000 gallons of RD per day. DGD expects the plant to begin producing RD from the
following seven feedstocks in early 2013: Midwestern soy oil, Midwestern corn oil,
Midwestern used cooking oil (cooking required), Midwestern used cooking oil (no
cooking), U.S. animal fat (higher energy), and U.S. animal fat (lower energy). All seven
of DGD's pathways are modified versions of existing LCFS RD or biodiesel pathways.
All are modeled as UOP Econofining Processes and utilize the default RD process
energy consumption values found in CA-GREET 1.8b. Those process energy defaults
are summarized in Table 1 below. All individual feedstocks present in the feedstock
mixtures to be run at the St. Charles plant will be tracked by an inventory management
system that is integrated into the plant’s accounting system. The carbon intensity of all
gallons of RD produced will be labeled with the Cl of individual feedstocks, in keeping
with the mixed-feedstock bio-and renewable diesel guidance published by ARB'.

Table 1: Energy for Renewable Diesel Process from CA-GREET model

Process Energy Electricity and Thermal
Feedstock Input (Btu/lb) Energy Shares
P (%Electric/% Thermal)
Soy Qll 1851
Corn Qil ’ 4 3
Used Cooking Oil (UCO) 2175 Sl a0 b
Tallow !

Operating Conditions

Method 2 applications covering operating plants must base Cl calculations on
operational data covering two years, whenever possible. Because the DGD application
covers a plant that is not yet operational, DGD will submit energy consumption data for
the first two years of operation. Data submission will occur no less frequently than
annually. If the data submitted indicates that any of DGD’s actual production Cls are
significantly higher than its approved LCFS pathway Cls, those Cls will be adjusted to
better reflect actual operating conditions.

' Air Resources Board, December 3, 2012. “Mixed-Feedstock Bio- and Renewable Diesel Guidance.”
http://www .arb.ca.gov/fuels/lcfs/2a2b/2a-2b-apps.htm.

Page 1 of4
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As a condition of approval, DGD agrees to make all approved pathway Cls available via
the LCFS Method 1 Lookup Tables to other RD producers whose production pathways
are accurately described by the approved pathways developed in the DGD application.

Carbon Intensity of the Fuel Produced

Because all of DGD's pathway Cls are either higher than the corresponding reference
pathways in the LCFS Method 1 Lookup table, or modified versions of LCFS renewable
diesel pathways, its application falls under the Method 2B provisions of the LCFS.
Method 2B applications are not subject to the substantiality requirements with which
Method 2A applications must comply (a minimum improvement of five gCO,e/MJ, and a
minimum production volume of ten million gallons per year).

The proposed DGD pathway Cls are summarized in Table 2.

Page 2 of 4
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Table 2: Proposed Lookup Table Entry

Carbon Intensity in gCO,e/MJ
(Including Indirect Effects)

Pathway Pathway

Identifier Description Direct c')-;r:: ::Iz?rgét i

Effect

Fuel

Emission

Conversion of
RNWD | Midwest soybean to

010 renewable diesel
(rail transport)

21.70 62 83.70

Conversion of
Midwest soybean to
soy oil to renewable 21.48 62 83.48
diesel (ship
transport)

RNWD
011

Renewable diesel
from Midwest com
oil produced from 6.00 0 6.00
Dry DGS (rail
transport)

RNWD
012

Renewable diesel
from Midwest corn
oil produced from 5.56 0 5.56
Dry DGS (ship
transport)

RNWD
013

Renewable Conversion of
Diesel waste oils (Used
Cooking Oil) from
RNWD | Midwest to 18.40 0 18.40
016 renewable diesel
where “cooking” is
required (rail
transport)
Conversion of
waste oils (Used
Cooking Oil) from
RNWD | Midwest to 18.18 0 18.18
017 renewable diesel
where “cooking” is
required (ship
transport)
Conversion of
waste oils (Used
Cooking Oil) from
RNWD | Midwest to 13.85 0 13.85
018 renewable diesel
where “cooking” is
not required (rail
transport)

Page 3 of 4
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Fuel

Pathway
Identifier

Pathway
Description

Carbon Intensity in gCO,e/MJ
(Including Indirect Effects)

RNWD
019

Conversion of
waste oils (Used
Cooking Qil) from
Midwest to
renewable diesel
where “cooking” is
not required (ship
transport)

13.63

13.63

RNWD
020

Conversion of U.S.
tallow to renewable
diesel using higher
energy use for
rendering (rail
transport)

40.34

40.34

RNWD
021

Conversion of U.S.
tallow to renewable
diesel using higher
energy use for
rendering (ship
transport)

40.12

40.12

RNWD
022

Conversion of U.S.
tallow to renewable
diesel using lower
energy use for
rendering (rail
transport)

19.91

19.91

RNWD
023

Conversion of U.S.
tallow to renewable
diesel using lower
energy use for
rendering (ship
transport)

19.70

19.70

Staff Analysis and Recommendation

Staff has reviewed DGD’s application, and finds the following:

+ Staff has replicated, using the CA-GREET spreadsheet, the carbon intensity
values calculated by DGD; and

- Staff has confirmed that the energy consumption values used in the DGD
application are the CA-GREET 1.8b defaults

On the basis of these findings, staff recommends that DGD’s Method 2B pathways be
approved for use in DGD’s mixed-feedstock RD plant.

Page 4 of 4
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Biodiesel Profitability ‘ ' |

Overview and Assumptions — Overview of the model, assumptions and data sources.

Economic Facility Model — The economic model that computes the monthly costs, revenue and profit (loss). [To navigate among the pages in thi

Tables:

Charts:

workbook, use the tabs at the botto
of the page or the links in the text o
this page.

Costs and Returns — Monthly Resuts per Gallon of Biodiesel
Costs and Returns — Monthly Results per Pound of Soybean Oil 1

Input and Output Prices — Monthly biodiesel and glycerine prices - 2007 to present.

Biodiesel Revenue — Monthly biodiesel and glycerine revenue — 2007 to present

Biodiesel Costs — Monthly cost to produce biodiesel per gallon (total and divided by category) — 2007 to present.

Biodiesel Revenue, Costs and Profits — Monthly costs and returns per gallon — 2007 to present.

Return on Equity — Monthly percent return on equity - 2007 to present.

Breakeven Purchase Cost for Soybean oil and Sale Price for Biodiesel — Monthly prices facility can pay for soybean oil and receive
for biodiesel just to cover costs -- 2007 to present.

Biodiesel Revenue, Variable Costs and Profits — Monthly variable costs and returns per gallon — 2007 to present.
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Overview and Assumptions of Biodiesel Profitability
The proftabity of biodesel prodation is eatremely vanabie Oue to the voiatie price nature of basdeland soybeanod s majar

fezadstock biodwsel proftabilty can change ragly fram manth to month (0 addon. price variations of 4 co-pradust {glycenng and ts
energy souce |natural gas) add 12 the varabty of bodesel profits
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facdty with construction cosis SIm 1o plants but in 2007 The costsand efficiencies are bebeved 1o be typical of lowa bodmel plarts
The prices of bodesel, glycenne, oyt ol and natural gas are ugated monthly to compte S current profiatilty of biodieseal
preduction

Monthly price variables
1) Blodiesel Price ~ Weekly price F O B (Free m Board) the plarnt {conveted so monthly averge prces) asreported in tnefiatornsl
by the USDA Ag Marketng Service

2) Soybean Oil Prica — Daily price convertednio menthly average pnces as reported by the USDAAG Market ResearchService, lowa
n Pr

3) Methanel Price — Monthly Average Regwal Pested Contract Price Hstory repoted by Methares

4) Natural Gas Price - Manthly lowa natural ga price for indistnal users as reparted by the Energy Information Adminestrateon (offcial

energy statisics of the U S government)

Alttough these prices are represetatve of lowa biodiesel plants. bey may not be ropesentatnve of plants in ather regions or states inthe
mconomic modei the user can increase or decrease any bite prce seres by a fed amo 1o represent a special guaton An
adjustment in a price senes wibe refected in the amlyss fables andgraphs

Revenue costs and net returns (prézanility) are shavn monthly per gdlon of biodsesel and per €0 pounds of saybean ol Ake bedesel
and soy o4 price breakeen levels are computed

Major assumptions and characteristics of the biodiesel plant model

1) Tutnkey biodesel producton facilty

2} Facilty buk in 2007

3) Mameplate capacity of 20 million gallons

4) Facilty comtructon cost (includng working captal| of §157 per galian of namegute capacity
S} Lender financa 50 percent of he project

&) Equity fmaneing of 50 percert af {he prgect

Tt Plamt cperates & 100 percent of nameplate capedy

B Converswon factor of 7 55 pands of soybas od per galion of biodwesel
81 A gallonof bindwsel prodices 5 pounds of glycenne

10} Matutal gas requwement of 7 cubic feet per gason of biodwsel

11} Typieal npd costs Tor an lowa soywan ol bodiese! facily

The monthly . ¥ el thes plart = wsing the manthly markeprices for biodesal, soybean o, metnanol and
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conslant troughout the analys:s

Input coeffcient adiustment Ahough we boleve the coeflcients in this mode! are & god representabion of a sayban ol biodiesel plant
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Economic Model of a Biodiesel Production Facility

Flace the cursor over cells with red tiangles to read comments,

Output

Assumptions (inputs) |
Facility Construction '

MNameplate Capacity 30,000,000 gal./yr.

Organizational Costs $200,000
Process System $30,000,000
Land, Site and Other $7,400,000
Construction Related Costs $2,500,000
Office and Administration $900,000
Inventory & Working Capital $6,000,000
Estimated Life 15 years
Property Taxes $50,000 per yr. ]
Financing
Percent Debt 50 %
Length of Loan 10 years
Interest Rate 8.25 %

Annual Production and Resource Usage

Construction Cost
Total
Equity
Debt
Per Gal. Nameplate Capacity
Per Gal. Operating Capacity
Per Lb. Soybean Oil Oper. Cap.
Depreciation

Biodiesel Production
Nameplate Capacity
Operating Capacity

Glycerine Production

Soybean Qil Usage

MNatural Gas Usage

Electricity Usage

$47,000,000

$23,500,000

$23,500,000

$1.57

$1.57

$0.21
$2,733,333 per year

30,000,000 gallons per year
30,000,000 gallons per year
27,000,000 pounds per year
226,500,000 pounds per year
210,000 1,000 cubic feet/year
18,000,000 kilowatt hours/year

Efficiency Factors Electricity Cost $900,000 per year
Soybean Qi 7.551bs./gal. biodiesel Water Usage £0,000,000 gallons per year
Production Level 100 % capacity Water Cost $210,000 per year
Glycerine 0.90bs./gal. biodiesel Number of Employees 28 employees
Methanol 0.71Ibs./gal. biodiesel Labor & Management Cost $1,610,000 per year
Natural Gas 7 cub. ft./gal. biodiesel Interest Cost $1,938,750 per year
Electricity 0.6 Kwh./gal. biodiesel Chemicals and Ingredients $1,710,000 per year
Water 2.0gal./gal. biodiesel Repairs & Maintenance $200,000 per year
Transportation Cost $3,000,000 per year
Chemicals Other Costs $200,000 per year
Chemicals and Ingredients 5.70 ¢/gallon
Production Costs_
Prices Chemicals Cost per Gallon Cost per Pound
Electricity 5.000 ¢/KwH Chemicals and Ingredients 5.70 ¢/gal. 0.75¢/b.
Water 0.350 ¢/gallon Total Chemical Cost 5.70 ¢/gal. 0.75¢/b.
Glycerin 3.000 ¢/pound
Other Direct Costs
Labor & Management Repairs & Maintenance 3.00 ¢/gal. 0.40¢/b.
Number Salary Transportation 10.00 ¢/gal. 1.32¢/b.
Operations 12 $68,000 Water 0.70 ¢/gal. 0.09¢/b.
Maintenance 2 §72,000 Electricity 3.00 ¢/gal. 0.40¢/b.
Laboratory 1 $80,000 Other 3.00 ¢/gal. 0.40¢/1b.
Material Handlers 10 $30,000 Total Other Costs 19.70 ¢/gal. 2.61¢/b:
Administration 3 $90,000
Total 28 $1,610,000 Fixed Costs
Depreciation 9.11 ¢/gal. 1.21¢/b.
Other Direct Costs Interest 6.46 ¢/gal. 0.86¢/1b.
Repairs & Maintenance 3.00 ¢/gallon Labor & Management 5.37 ¢/gal. 0.71¢/b.
Transportation 10.00 ¢/galien Marketing & Procurement 4.00 ¢/gal. 0.53¢/b.
Marketing and Procurement 4.00 ¢/gallon Property Taxes, Insurance, etc. 1.17 ¢fgal. 0.15¢/b.
Other 3.00 ¢/gallon Total Fixed Costs 26.11 ¢lgal. 3.46¢/lb.
Price Adjustments (+ or -) Total Costs (less corn & natural gas)
Biodiesel $0.00 S/gallon | Total Variable Costs 25.40 ¢/gal. 3.36¢Mb.
Soybean Oil 0.00 g/galion | Total Variable & Fixed Costs 51.51 ¢/gal. 6.82¢/b.
Natural Gas $0.00 $/1000 cubic feet




Monthly Costs and Returns per Gallon of Biodiesel Produced

Prices [ Revenue per Gallon Cost per Gallon Net Retum/Gal.
Month Natural | Natural Other Total Biodiesel Over Over
and Biodiesel Soybean Oil  Gas Biodiesel Glyceri Total  Soyb 0Oil Gas Methancl Variable Variable  Fixed Total Break- Variable All
Year llen und) (000 cub. ft und) | R R R | Cost _ Cost Cost  Costs  Costs Costs  Cost even Costs Costs
Apr-O7 | $3.09 5030 3858 5015 53.09 5003 $312 3226 5006 5011 5025 5268 5026 5294 sz 5044 3018
May-07 | 5316 503z $8.00 3015 5316 5003 5318 $243 $0.08 s0n 5025 5285 5026 5311 5308 5033 5007
Jun-D7 | 837 5033 $8.58 $015 $3.17 5003 $3.19 5248 5006 $0n 5025 £2m 5026 5317 $3.15 5028 5002
JukD? | 5320 5034 5861 5014 $3.20 5003 5322 5260 5006 3010 5025 530 5026 5327 5324 5021 5 (0.05)
Aug-07 | §3.22 5034 5788 5014 5322 5003 3325 | 5254 5006 $010 5025 $294 $026 $i $3.18 3030 5004
Sep07 | 5329 $037 3748 5014 5329 $003 5332 5277 5005 5010 5025 $318 $026 §344 3341 3014 $(012)
Q07 | 5344 5038 5748 $026 5344 5003 5347 $287 $005 5018 5025 $336 5026 5362 5359 5011 5(015)
Now07 | §3.74 5043 $853 £030 5374 5003 $377 $324 3006 5o 5025 $377 5026 5403 5401 $(000) $5(026)
Dec-07 | $392 5044 $BE6 $038 $392 $003 5395 2 $335 3008 §0.27 $025 3394 3026 5420 5417 S0 5 (0.25)
Jan-08 | $428 5048 5874 $038 5428 $003 5430 §3M 5006 §027 5025 3429 5026 5455 5453 500 5(0.25)
Feb-08 | 34868 $056 59599 5032 5468 $003 5470 5426 5007 5022 5025 5481 5026 $507 $505 $(0.11)  §$(0.37)
Mar08 | $516 $057 $1006 $029 5516 5003 $519 $432 5007 5020 5025 5485 5026 5511 5508 5034 5008
Apr-08 | $458 5056 51071 5024 | 5498 $0.03 5501 5421 5007 $017 5025 5471 5026 $497 $494 $030 $0.04
May-08 | 5526 5058 $1089 $023 | 8525 5003 $528 5438 5008 5016 $025 5487 $026 $513 $510 $042 $015
Jun-08 | 3551 5062 51183 5024 $5561 3003 3554 5485 5008 5017 5025 5516 5026 5542 5539 5038 $012
Juk0g | 3547 3060 $1242 5024 5547 5003 3549 | 5454 $0.09 5017 5025 5505 5026 5531 5528 5045 5019
Aug-08 | 5488 5051 31183 5024 5488 5003 $4.50 $382 5008 5017 5025 $433 5026 5459 5456 5057 5031
Sep08 | 5443 5046 $930 5024 5443 5003 5446 5344 $007 5047 $025 $392 5026 $419 5415 5053 5027
Oct-08 | 5365 5035 5730 5023 365 5003 5367 5263 5005 5016 $025 3310 $026 $336 §333 $057 0.3
Now-0B | $3.19 5032 5711 so $3.19 §003 §322 $240 $005 5015 $025 $286 $026 $312 §309 $038 $0.10
Cec08 | 284 5029 57.92 $0.15 $284 $003  §287 §217 5006  §0.11 5025 $258 5026 $284 $282 $029 5003
Jan-09 | §3.09 §032 5822 $0.11 $309 $003 §312 $240 50.06 5008 5025 s$278 5026 $304 $3.02 $033 $007
Feb-09 | $282 §029 57.84 5011 $282 $003 §2a85 §$2.17 50.05 5008 5025 $256 5026 s282 $2.79 $020 $003
Mar-09 | §268 5028 s7.28 $0.10 $268 $003 s2M $212 5005 soo7 $025 5249 $026 5276 $273 $021 $(0.05)
Apr-08 | §254 $033 $560 3009 5294 5003 $287 $247 $0.04 $006 5025 §283 5026 5309 $3.06 5014 5({0.12)
May-08 | $3.10 5036 S484 $0.09 $3.10 5003 5313 $273 5$003 $006 5025 §3.09 $028 5335 $332 $004 $(0.22)
Jun-09_| $£3.13 $035 §4.57 5009 | $313 $003 $316 $288 £003 5006 5025 5303 5026 5329 $326 5013 ${013)
Jukog | 5286 503 $4.55 3010 5286 5003 $289 3237 $003 3007 5025 §273 $026 $299 $296 5016 5{0.10)
Aug-08 | 3311 5034 $473 5o 531 5003 $312 $253 £003 3008 $025 5290 5026 5316 5313 5024 5{0.02)
Sep-09_| $3.02 503 $468 $013 53.02 5003 5304 $235 $003 3008 $025 $272 5026 $299 3296 sDaz2 5006
Oet-09_| 52312 $034 $484 50.14 §$312 5003 $315 $254 $003 5010 $0.25 §293 $026 $3.19 $3.17 so 5 (D.05)
Mow-09_| §3.37 5037 5616 $015 $337 5003 5340 5276 5004 5011 5025 $316 5026 $342 $339 5024 $(0.02)
Dec09 | §336 5037 $67¢ £017 $336 5003 $339 §279 $005 $0.12 $025 $312 3026 £348 £345 £017 5 (0.09)
Jan-10 | §3.31 5036 5661 5017 39 $003 5334 5268 5005 5012 5025 $310 5026 $336 $333 5024 $10.03)
Feb-10_| $329 $035 5708 $017 $329 $003 §332 5267 3005 5012 $025 209 $026 $335 §333 $0.23 $(0.03)
Mar-10 | $331 $036 5706 5017 $39 $003 $334 $275 5005 5012 5025 5318 5026 $344 5341 $017 500,10}
Ape-10_| $332 $035 5621 5017 $332 $0.03 £335 $274 5004 5012 5025 5316 5026 5342 5339 $019 $(0.07)
May-10_| §323 5035 $545 $0.15 §3z23 5003 5326 $265 5004 ELIRR $025 $305 5026 $3: $329 s0.21 5 (0.05)
Jun-10_| §3.17 5035 5561 $0.186 $317 5003 5320 $262 $004 S0 3025 5303 5026 $329 5326 5017 5 (0.09)
Juk10 | s3.18 $035 5569 $0.16 $318 $003 $3 5266 $004 s0.11 3025 $307 $026 $333 §330 $014 $(0.12)
Aug-10 | $330 $036 5576 5016 $330 $003 $333 $2715 5004 son 3025 §316 5026 $342 $3.39 $017 ${0.09)
Sep-10 | $3.35 $039 $559 5016 $335 $003 $338 $295 5004 $0.12 5025 $335 5026 3362 $359 $002 $(0.24)
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Monthly Biodiesel Costs and Returns per Pound of Soybean Qil Processed

Prices Revenue per Pound | Total Cost/Lb. Net Return/Lb, | Return

Month Natural Soybean Qil Over Qver on
and Biodiesel Soybean Oil  Gas Methanol Biodiesel Glycerine  Total Break- Variable Fixed Total Variable All _Equity
[ Year (pergal.) ({peribs.) (000 cub.ft) (perlbs.) R Reven Revenue even Costs Costs Costs | Costs Costs | Annual
Apr-07 $3.09 5030 $858 5015 5041 5000 504 $032 $035 $0.03 5039 5006 5002 23%
May-07 $3.16 5032 $8.00 $0.15 $042 $000 $042 5033 5038 5003 5041 5004 5001 9%
Jun-07 £3.17 5033 5858 $015 S042 $0.00 S0.42 $033 5039 $0.03 S042 5004 $0.00 2%
Jul-07 $320 5034 s$861 5014 5042 5000 5043 5034 5040 5003 5043 50.03 5(0.01) 6%
Aug-07 §3.22 $034 5788 5014 5043 5 0.00 5043 5034 5038 5003 $042 5004 5001 5%
Sep-07 $329 5037 5748 $0.14 5044 $000 5044 5035 5042 5003 5046 5002 $(0.02) -16%
Qct-07 $344 5038 5748 5026 5046 $0.00 5046 5038 $044 5003 5048 som $(0.02) -19%
Nov-07 5374 5043 $8.53 5030 $050 5000 $050 5039 $0.50 5003 5053 5(0.00) 5(0.03) -34%
Dec-07 $£392 5044 5886 5038 5052 $0.00 $052 5041 $0.52 $003 505 50.00 $(0.03) -32%
Jan-08 5428 5049 $8.74 5038 5057 $0.00 $057 5046 5057 5003 5060 $0.00 5(0.03) -32%
Feb-08 5468 $056 5999 5032 50862 $0.00 5062 s052 5064 5003 S067 $(0.01) $(0.05) -47%
Mar-08 $516 $0.57 510,08 $029 5068 $000 $069 5058 5064 5003 5068 5005 s001 10%
Apr-08 5498 5056 51071 5024 soes 5000 5066 5058 50862 5003 5066 5004 $0.00 5%
May-08 5526 5058 $1089 5023 $070 5000 5070 3060 5064 5003 5068 $006 5002 20%
Jun-08 $551 5062 51183 s$024 $073 $000 5073 5063 soe68 $003 5072 5005 $0.02 15%
Jul-08 5547 5060 $1242 5024 5072 5$0.00 s$073 50863 5067 5003 sovo 5006 5002 24%
Aug-08 5488 5051 51183 $024 5065 $000 $0865 5055 5057 $003 5061 5008 5004 40%
Sep-08 5443 5046 $9.30 5024 5059 $0.00 $0.59 $0.49 5052 5003 $0.55 5007 5004 35%
Oct-08 5365 £035 $730 $023 5048 5000 5049 5039 5041 5003 $0.44 s$0.08 5004 40%
Nov-08 £3.19 $0.32 $711 s021 5042 $0.00 5043 5033 5038 5003 5041 5005 s001 | 13%
Dec-08 $284 5029 $7.92 5015 $0.38 $0.00 5038 50.29 5034 5003 5038 5 0.04 $0.00 3%
Jan-09 53.09 $03z $822 s$0.11 5041 §000 5041 5033 5037 $003 5040 5004 $001 9%
Feb-09 $282 5029 5784 s01 5037 5000 5038 5029 $034 5003 5037 5004 $0.00 4%
Mar-09 $268 $028 57.28 s0.10 5036 $0.00 5036 5027 $0.33 $003 5036 5003 §(0.01) 6%
Apr-09 5294 5033 $ 560 5009 5039 5$0.00 5039 503 5037 5003 5041 5002 $(0.02) -16%




Monthly Biodiesel Price per Gallon
(lowa Biodiesel, 2007 to present)
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4 Monthly Input Prices

i {lowa Soybean Qil, Methanol, and Natural Gas Prices, 2007 to present)
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Percent Return on Equity
{annualized basis) (2007 to present)
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Total Revenue per Gallon
{biodiesel, glycerine and total, 2007 to present)

$6.00

B Bodiesel Reveruie B Glyterine Reverue
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indiscel Brank and Biodiesel Price
(Blodiesel Breakeven = total cost less glycerin returns) (2007 to present)

+
o
d
O
H
]
o
u
=
[
i
E |
v
a

Soybean Oil Breakeven and Market Price
[Soybean Oil Breakeven = total revenue less all costs except soybean ofl cost) {2007 to present]

5080
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Cost of Biodiesel Production
(S/gallon) {2007 to present)

$6.00 T —

$5.00 -
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Biodiesel Revenue, Variable Cost, and
Return Over Variable Cost
($ per gallon) (2007 - Present)

$7.00 ‘ =
$6.00 1
$5.00

54001

= Mevenie prr Gallon == Varable Cout pes Gallon —— Net Return/Gal
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Biodiesel Revenue , Costs, and Profit
(S per gallon ) (2007 - Present )

$7.00

$6.00

$5.00

54,00

= Total Cost per Gallon — Revenue per Gallon = Net Return /Gal .
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GHG

2013 feedstock % Biodiesel reduction
biodiesel of industry Diese| Baseline Carbon Biodiesel b GHG reduction in |bs in million
{billian Feedstock Usage production Feedstock emissions Intensity C0O2e/125,000 CO2e/gallon of GHG reduction in  GHG reductionin ~ Metric
gallons) {22M data) {22M data) LCA Source % GHG reduction (LCA category)  gCO2e/MI gCO2e/MI  BTY biodiesel billion Ibs CO2e  million tons CO2e tons CO2e
1.7 soy 45% USEPA 2010 57.0% soy 859.7 38.6 11.2 14.1 23.9 11.9 10.8
1.7 corn il 10% USEPA 2010 B6.0°% waste grease 89.7 126 3.7 21.2 36.0 18.0 16.4
1.7 used cooking ail B% USEPA 2010 86.0% waste grease 89.7 126 37
1.7 other recycled grease 3% USEPA 2010 86.0% waste grease 89.7 12.6 3.7
1.7 animal fat 11% USEPA 2010 86.0% waste grease 89.7 126 3.7
1.7 renewable diesel 15% USEPA 2010 BE.0% waste grease B89.7 12.6 .7
1.7 canola 5% USEPA 2010 50.5% canola 89.7 44.4 12.9 12.5 21.2 10.6 9.6
USEPA 2010 weighted
by 2013 industry
17 100% production 70.3% | 2013 industry 1 8.7 26.6 7.7 17.3 28.5 14.7 134
17 USDA/Idaho 2012 76.4% soy 89.7] 212 6.2 18.8] 32.0 _16.0 14.5
1.7 soy 48% USDA/Idaho 2012 17.9% |soy 96 212 62 206 35.0 175]  159]
1.7 corn oil 10% CARB 2011 95.8% |corn oil 9 4.0 1.2 253 43.0 21.5 19.5
1.7 used cooking ail 2% USEPA 2010 86.9% |waste grease 96 12.6 57 229 39.0 19.5 17.7
1.7 other recycled grease 3% USEPA 2010 86.9% |waste grease 96 12.6 3y
1.7 animal fat 11% USEPA 2010 86.9% |waste grease 96 12.6 37
1.7 renewable diesel 15% CARB 2011 i 79.5% [tallow RD 96 19.7 5.7 210 35.7 17.8 16.2
1.7 canola 5% USEPA 2010 ) 53.7% |canola 96 44.4 12.9 14.2 24.1 12.1 10.9
best available data
weighted by 2013
1.7 industry production 80.7% [2013 industry 1 a6 18.5 5.4 213 36.2 18.1 16.4

green = Inputs can be changed
inputs fram reference material
[calculated by table |




Input Unit 2011 2012 2013
Feedstock Inputs
Canola Oil % 12% 11% 5%
Distillers Corn Qil % 4% 8% 10%
Feedstock Soybean Oil % 55% 52% 48%
Breakdown Animal Fats % 16% 13% 11%
Yellow Grease % 9% 9% 11%
Renewable Diesel % 4% 8% 15%
Canola Oil cents/pound 61.0 61.2 56.2
Distillers Corn OIl cents/pound 43.6 38.0 34.6
Cost of Soybean Oil cents/pound 54.1 597 479
Feedstocks Animal Fats cents/pound 471 42.5 38.6
Yellow Grease cents/pound 43.1 37.3 34.5
Renewable Diesel cents/pound 45.1 39.9 35.6
Required amount of feedstock |[Ib/gallon | 7.5 7.5 78
Average Price of Feedstock 3/lb $ 052[% 049|% 043
Cost of Feedstock per Gallon $/Gallon $ 390(%$ 366|% 3.20
Carbon Content Inputs
Canola Oil % 53% 53% 54%
Distillers Corn Qil % 96% 96% 96%
Carbon Reduction |Soybean Oil % 78% 78% 78%
by Percent Animal Fats % 87% 87% 87%
Yellow Grease % 87% 87% 87%
Renewable Diesel % 79% 79% 80%
Diesel Carbon Intensity |gCO2e/MJ | 94.43| 95.21| 96.00
Canola Oil Ib CO2e / gal 13.8 14.0 14.2
Distillers Corn Oil Ib CO2e / gal 24.9 25.1 253
Carbon Reduction |Soybean Qil Ib CO2e/ gal 20.2 20.4 20.6
in CO2e Animal Fats Ib CO2e / gal 22.5 22.7 23.0
Yellow Grease Ib CO2e /gal 22.5 22.7 23.0
Renewable Diesel Ib CO2e / gal 20.6 20.8 21.0
Average Carbon Reduction for Biodiesel [Ib/gallon | 20.2] 20.8| 21.3
Output
Fixed Cost $/Gallon $0.26 $0.26 $0.26
Other Variable Costs $/Gallon $0.44 $0.43 $0.46
Value of Co-Products $/Gallon -$0.03 -$0.03 -$0.03
Diesel Price $/Gallon $3.05 $3.11
$1.52 $1.21

Biodiesel cost differential
Cos S R

$/Gallon

ED.omo 202 - O3S 0oDd 23+




Conversion Units
454 |grams/pound
118,296 [Btu/gallon of diesel
0.001055 |Btu/MJ
2,205 |Pounds/metric ton

Feedstock Inputs

Sources: Feedstock breakdown values based on EIA data. The
required amount of feedstock is derived from the ElA's
breakdown of feedstock conversion

Carbon Content Inputs

Sources: Based on EPA estimates, supplemented by an USDA
study and CARB.

Output

Sources: The estimated non-feedstock variable costs and fixed
costs come from the lowa State production cost model of a
standard plant in lowa producing biodiesel from soybean oil

Sources: The diesel prices are simple averages of spot price
data from EIA: Los Angeles, CA Ultra-Low Sulfur CARB Diesel
Spot Price (Dollars per Gallon)

ED. 000213-03L8_ poom A3F



PRELIMINARY DRAFT DISTRIBUTED FOR PUBLIC COMMENT
November 4, 2011

Production of Biodiesel from Corn Oil Extraction at at Dry Mill
Corn Ethanol Plants

Summary

ARB staff has developed a California corn oil biodiesel (BD) pathway in which the
feedstock is produced in Midwestern corn ethanol plants and shipped to
California for fuel production. The resulting pathway Cl is 4.00 grams of CO»-
equivalent greenhouse gas emissions per mega joule of biodiesel produced
(9CO2e/MJ). Although the feedstock transport, biodiesel production, and finished
fuel transport portions of this pathway are identical to those found in ARB's
soybean-to-biodiesel pathway,' the feedstock production portion has no
precedent in any other pathway. Calculation of the Cl for that step requires that
the energy consumption and greenhouse gas (GHG) generation associated with
the production of corn oil be appropriately allocated between corn ethanol and
corn oil.

In order to begin co-producing corn oil, standard dry mill corn ethanol plants need
only be retrofitted with a centrifuge-based extraction system. This system
extracts corn oil from the distillers’ grains that emerge from the fermentation and
distillation processes. As such, it has no direct impacts on the production of corn
ethanol. It does, however, reduce the volume and lipid content of the distillers’
grains with solubles (DGS) the plant produces.

The corn oil that is extracted from the DGS stream is an unrefined product that
has two primary uses: a livestock feed additive and a biodiesel feedstock. This
document summarizes a California Low Carbon Fuel Standard (LCFS) pathway
in which corn oil produced at dry mill corn ethanol plants is used to produce
biodiesel. This pathway does not apply to production processes in which the
extracted corn oil is used for purposes other than the production of biodiesel for
use as a transportation fuel. In addition, it is specific to ethanol production
environments in which all DGS is fully dried. Dry DGS has a moisture content of
around ten percent.

ARB staff’s estimate of the carbon intensity (Cl) of corn oil biodiesel is based on
information made available by Greenshift Inc.—a company that has
commercialized a corn oil extraction process. Although Greenshift's is not the
only available extraction process, more information is publicly available on its
process than is available on alternative systems.

Under the Greenshift process, corn oil is removed from the DGS process stream
through a combination of washing and centrifuging. The extracted corn oil is
shipped to a biodiesel production plant where it is converted to fatty acid methyl

' ARB (2009). Detailed California-Modified GREET Pathway for Conversion of Midwest
Soybeans to Biodiesel (Fatty Acid Methyl Esters-FAME); version 3.0:
hitp://www.arb.ca.gov/fuels/lcfs/121409Icfs soybean.pdf

Page 1 of 2
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PRELIMINARY DRAFT DISTRIBUTED FOR PUBLIC COMMENT
November 4, 2011

ester (FAME) biodiesel using a transesterification process—the same process
that is used to produce biodiesel from soy oil and other oil- and fat-based
feedstocks.

The equipment used to extract corn oil at corn ethanol plants consumes both
thermal and electrical energy. This additional energy consumptions is more than
offset, however, by energy savings realized during the DGS drying process.
Energy is saved because the removal of corn oil both reduces the mass of the
DGS entering the dryers, and improves the efficiency with which that DGS
transfers heat. Based on information from Greenshift, ARB staff estimates that
the production of corn oil at an ethanol plant reduces the net energy consumption
of that plant by about nine percent. These savings would be realized only when
all DGS is fully dried.

At dry mill plants that produce both ethanol and corn oil, the primary product is
ethanol. Staff has no reason to believe that corn oil will ever replace ethanol as
the primary product at such plants. Since corn oil production is incremental and
secondary to ethanol production, staff has concluded that no portion of the GHG
gas emissions associated with the production of ethanol should be allocated to
corn oil biodiesel. Because corn oil extraction equipment can be installed in
existing corn ethanol plants, ARB staff believes that the carbon intensity of corn
oil should be calculated as a marginal, or incremental, carbon intensity,
consisting only the additional energy requirements and savings that occur as a
result of operating corn oil extraction equipment.

Staff is confident that corn oil biodiesel produced according to the pathway
summarized above would have a carbon intensity of 4.00 gCO.e/MJ. For that
reason, staff recommends that the Executive Officer approve that pathway.

Page 2 0f 2
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This report was prepared by the U.S. Energy Information Administration (EIA), the statistical and
analytical agency within the U.S. Department of Energy. By law, EIA’s data, analyses, and forecasts are
independent of approval by any other officer or employee of the United States Government. The views

in this report therefore should not be construed as representing those of the Department of Energy or
other Federal agencies.

U.S. Energy Information Administration | Maonthly Biodiesel Production Report
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December 2013

Biodiesel Highlights and Background, Data for October 2013
Highlights

Production — U.S. production of biodiesel was 132 million gallons in October 2013. Biodiesel
production during October 2013 was about 5 million gallons higher than production in
September 2013. Biodiesel production from the Midwest region (Petroleum Administration for
Defense District 2) was 67% of the U.S. total. Production came from 112 biodiesel plants with
capacity of 2.2 billion gallons per year.

Sales — Producer sales of biodiesel during October 2013 included 92 million gallons sold as
B100 (100% biodiesel) and an additional 41 million gallons of B100 sold in biodiesel blends with
diesel fuel derived from petroleum.

Feedstocks — There were a total of 1,009 million pounds of feedstocks used to produce
biodiesel in October 2013. Soybean oil remained the largest biodiesel feedstock during October
2013 with 551 million pounds consumed.

Background

The Monthly Biodiesel Production Report provides data on operations of the U.S. biodiesel
industry as part of EIA's response to section 1508 of the Energy Policy Act of 2005 which
directed EIA to publish information on renewable fuels including biodiesel. Data are provided
for the U.S. and in selected cases by state and region.

The source of data is Form EIA-22M Monthly Biodiesel Production Survey, used to collect the
following information from registered producers of biodiesel.

plant location, operating status, and annual production capacity
production of 100% biodiesel (B100)

biodiesel coproduct production

stocks

feedstock, alcohol input, and catalysts used in biodiesel production
sales of B100 and blended biodiesel from producing plants

sales of biodiesel to end-users

e 8 & @ o ® @

Form EIA-22M provides data necessary to monitor growth of the biodiesel industry in order to
allow Congress to assess whether objectives of Section 503 of the Energy Policy Act of 1992
and Section 1508 of the Energy Policy Act of 2005 are being achieved.

U5, Energy Information Administration | Monthly Biodiesel Praduction Report
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Table 1. U.S. Biodiesel Production Capacity and Production

(million gallons)

Period | Annual Production Capacity| Monthly B100 Production
2011

Ja.t_nl.r_an‘-r 2,114_ 35_
February 2,104 40
March 2,081 60
April 2101 R
May 2,064 77
June 2,069 81
July 1,958 92
Augu:s_t__-: 2,008 ' 95
September T e
October _ '2,i19. B _IIOS . B
November 2,098 105
e - R e
2012

January 2,203 74
February 2,203 79
Mirch ”2,1§8 95 '
April 2,158 %
May . 2,151 102
Jun_e _ 2,138_ a3
July 2,134 89
Avgust 2,135 91
Sep_tember ) '}.;,165 82_
October 2,162 75
November 2,001 57
December 2,054 59
S 2038 T
2013

Jal’lua_l"\f o 2,086 66
February 2,090 68
March 2,160 98
Aprl 2,162 106,
May 2,165 111
June 2,148 113
uly 2,144 128
August 2,141 128
S'ébt-éml.a.er 2153 . li-}'
October i 2,190 132

10 Month Total Ee 1,076
2012 10 Month Total = ‘874
2011 10 Month Total £ 753

-- = Not Applicable
R = Revised

Totals may not equal the sum of components due to independent rounding.

B100 is the industry designation for pure biodiesel; a biodiesel blend contains both pure biodiesel

and petroleum diesel fuel.

Source: U.S. Energy Information Administration, Form EIA-22M “Monthly Biodiesel Production Survey”

U.5. Energy Information Administration | Monthly Biodlesel Production Repart
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Table 2. U.S. Biodiesel Production, Sales, and Stocks

{million gallons)

Salesof BLOD | o\ o Stocksof | B100 Stock
Period B100 Production Sales of B100 Included in 8100 Change

Biodiesel Blends
2011
January 35 22 9 17.. i
FeEruaw _ - ' 40 27 13 17 1
March 60 a1 17 19 2
April 71 a7 22 21 2
May ] 77 50 a7 23 Z
June ! 62 24 19 @)
July . 92 6 22 23 8.
Avgust 95 64 0 25 2
September 96 68 37 21 (4)
October 105 69 36 25 4
November T 10s 66 39 26 —a
December B 109 59 62 14 (12)
e S he: - i
2012
lanuary 74 a5 16 26 12
February e 57 15 33 7
March es 75 Rt 36 2
. 5 = : o - 2
May . 102 77 33 37 B)
June _ 93 80 19 31 (6)
wy B9 72 18 29 1
August _ ! 73 18 30 1
September .8 62 17 32 2
October 75 62 12 33 1
November ) . 57 53 12 26 (8}
E-)e't_:ém'her_ - 5@ a4 16 31 . 5\
Total B 901 767 212 = 16
2013
January o 6 52 15 31 I;] !
e el 2 e S .
March 98 68 29 35 2
April S 10e 79 a1 T 1)
M_ay_ : - o111 7 a0 2.3._ . )
june 113 77 36 28 1
July ) 128 a7 40 30 2
August 128 91 40 28 (@)
September o 127 92 37 27 )
October 132 92 a1 26 {1)
10 Month Total 1,076 758 331 - {7)
2012 10 Month Total 874 670 189 = 19
2011 10 Month Total 753 516 238 - 13
-- = Not Applicable
R = Revised

(s) = Value is less than 0.5 of the table metric, but value is included in any associated total.
Totals may not equal the sum of components due to independent rounding.
B100 is the industry designation for pure biodiesel; a biodiesel blend contains both pure biodiesel and petroleum

diesel fuel.

Source: U.5. Energy Information Administration, Form EIA-22M "Monthly Biodiesel Production Survey”

U.5. Energy Infarmatien Admopistratian | Monthly Biediesel Production Report
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Table 3. U.S. Inputs to Biodiesel Production

{million pounds)

Feedstock Inputs

. Vegetable Oils Animal Fats

Period

Canola Oil | Corn Oil c"“;’i‘:“d PalmOil | SoybeanOil |  Other Poultry Tallow
2011
lanuary 8 17 - w 150 w 14 11
el S e s S ——— W e e g O i
March 68 14 W 190 W 19 27
April 88 20 - W 236 w 15 a7
May 113 2 2 W 264 w 16 36
11| 75 | R w 311 T LT
July 77 35 - W 367 w 26 64
August 84 37 w W 398 w 34 38
September 84 27 W w 430 w 20 49
October 69 30 w w 527 w 31 39
November 84 2 w w 538 W 13 3
December 71 30 w W 592 W 15 27
Total 847 304 w L ] . T
2012
January 73 50 - w 306 w 20 26
Februaw _'QI'}' '_5_1_ - w 321 W '_ 8 - 20
March 117 54 . w 388 w 11 24
o)L 112 54 i wo 350 w13 45
May 85 56 w 429 w 16 50
June 103 55 W 369 w 14 28
July 66 54 : W 347 W 20 30
August a8 59 : W 385 w 21 44
September 46 o . 55 - -W - 322 . W - "‘19 T 49
October 16 59 w 307 w 14 44
November 18 48 w 246 W 1 22
December 16 50 - w 273 w R )
LMonthTotal = 790 646 - W 4082 W 176 385
2013
Janl._la_rl,nI 16 - w 300 w 7 15
February 3g - w 275 w 28
March 39 - w 424 w 9 53
April T I . w43 W 15 56
May W - W a16 w 20 61
June w - W 461 w 19 54
July w 108 < 93 480 2 I .
August 79 106 W 510 2 17 a8
September w a5 93 502 2 1 s0
October 82 85 - 100 551 w13 23
10 Month Total a8 846 : a76 4342 31 I
201210 Month Total 756 547 " ; w 3,524 w 156 360
2011 10 Month Total 692 248 - w 3,023 W 212 371

- = No data reported.
R = Revised

W = Withheld to avoid disclosure of individual company data.

(s) = Value is less than 0.5 of the table metric, but value is included in any associated total.
Totals may not equal the sum of components due to independent rounding.

Source: U.S. Energy Information Administration, Form EIA-22M "Monthly Biodiesel Production Survey”

U.S. Energy Information Administration | Monthly Biodiese!l Production Report
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Table 3a. Inputs to Biodiesel Production (continuation of table 3)

{million pounds)

Period

Feedstock Inputs

Other Inputs

Animal Fats

Recycled Feeds

White Other Yellow p—— Algae Other Alcohol Catalysts

Grease Grease
2011
January 31 3 18 10 - 7 20 4
February a8 2 19 11 L 4 0 T3
March 60 12 33 10 - 7 34 5
April 55 8 52 1 : (s) 46 .
May 57 10 41 15 (s) a8 8
June 55 7 50 18 - 1 58 9
= 22 ! e B - e
August a8 15 47 19 - 5 63 9
September 40 4 50 21 - 5) 64 9
October 29 7 42 21 - {s) & 10
November 35 8 39 0 - (s) n 19
D_ecember = 25- ) 5 _35 o 20 R = ."_i:;.i-]“-_ o 68 o 11
12 Month Total 533 85 oL o, 135 = 27 66 94
2012
January 29 3 37 18 - (s} 45 8
February 29 4 a1 22 . : a7 8
March 31 6 61 21 - (s) 53 9
ol SERERER 138 s 67 2 : - 56 10
May 38 5 61 L 62 10
June 39 4 64 27 . - 57 10
July 31 a 65 25 - (s 57 9
August 34 4 70 28 : (s) 55 10
September 33 4 65 5 i o 50 9
October a1 P 60 29 (s) 48 9
November 28 4 3 23 - 387
December__ B 35 2 ;15 - 21. - (5'}' 38 s
12 Month Total 408 a8 670 289 - 1 607 105
2013
January 31 3 46 23 - 1 50 7
February 32 2 51 B - ) 47 7
March 36 2 72 15 - (s) 63 10
April 48 2 79 19 - 3 70 1
May 41 w 88 0 - W 13 12
June 41 4 93 26 W 77 12
July 43 2 97 3 - w ) 13
August a1 W 92 31 ; W 89 13
September 38 W ‘107 22 - W 89 13
October 16 ' 1 81 27 - w 81 13
10 Month Total 387 23 806 237 . 38 738 111
S g gy : S
2011 10 Month Total a2 74 397 156 - 27 486 73

- = No data reported.

R = Revised

W = Withheld to avoid discloaure of individual company data
(s} = Value is less than 0.5 of the table metric, but value is included in any associated total.
Totals may not equal the sum of components due to independent rounding.
Source: U.5. Energy Information Administration, Form EIA-22M "Monthly Biodiesel Production Survey”

U.S. Energy Information Administration | Monthly Biodiesel Production Report
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Table 4. Biodiesel Producers and Production Capacity by State, October 2013

State Number of Producers Anm.m.l Proguction Capacity
(million gallons per year)

Alabama i 3 R L
e | . ; . . . - |
Arizona . 1 _ 2
ﬂrkans;és e S , e _. - 8
C_alifor.n'ta;. o o 9 S 61
Colorado R et e
_Cqﬁryect_ici.ut'mm-m ) . | = B
s s - s e - ;
District of Columbia _ - - '
Florida o o st i S ™
Georgia S— 3 R S )
S : : 5 . K
Idaho = - 1
III|ncrs . - - 5 B 167
Indiana 2 104
lowa o 9 ' ' 280
Kansas 1 1
Kéntucky """"""" 5 68
Louisiana 1 12
Maine _ " _ 1
i'u'laryland i = ) i o i --_
Massachussetts - L 1
Michigan = g s
Minnesota 4 107
Mississippi 3 105
Missouri_ % LY .8 188
g SR oos 25 : : : et
Mebré{lié'_" S e
I\fé@ada 2 = L SR 5 . : )
New Hampshire ' 1 ' '
New erzey :
New Mexico 3 - E
New York 1 ' 0
North Carolina 4 10
North Dakota 1 85
Ohio o 3 G
Oklahoma o 1 ) o 15
Ore'g'on 2 18
Pe'nnsv_!vani_-a__ o 4 87
R_I-!bcie Is1anc_l' """ 1: 1
South Carolina B 2 40
SouhDskota —— - :
Temessee 2 o 2
Texas e €
T z = = : . 10
Vermont ) - -
Virginia 3 9
Wash-ington 3 ) 104
West Virginia - -
Wisconsin s I S ]
Wyoming R
U.s.Total ' ' 112 2,190

- = No data reported.

Totals may not equal the sum of components due to independent rounding,

Number of producers is a count of plants with operable capacity during the report month.

Source: U.S. Energy Information Administration, Form E1A-22M "Monthly Biodiesel Production Survey"

U.S. Energy Information Administration | Monthly Biodiesel Production Report
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Table 5. Biodiesel {B100) Production by Petroleum Administration for Defense District (PADD)

{million gallons)

PADD

Period East Coast Midwest Gulf Coast M:‘::::in West Coast u.s.
(PADD 1) (PADD 2) (PADD 3) BABDS (PADD 5)

2011
January 3 30 1 - 1 35
February 3 2 a - 1 40
March 3 47 6 - 2 60
April__ 3 54 10 - 3 2!
May 4 58 11 a 7
June 4 56 14 7 e
uly 5 65 17 e 92
August 5 66 20 5 95
Septqr’r_:be:j 6 65 20 - 6 96
C'}l:toh'er . . ? a ?3 22 - I 7 4 N . 105 o
November 6 71 23 Z 4 105
December 6 ?? ) 23 - 4 109
Total ~ s6 695 . : a6 T967
2012
January 5 50 15 {s) 3 74
February 4 54 18 (s) 3 79
March 6 67 18 {s) 4 95
i £ - B ) . .
May 7 71 20 1 4 102
lune 6 67 17 (s) 3 93
oy 5 66 15 (s) 3 89
. -3 T o = 3 e
September 6 60 14 sy 3 82
October s 54 14 (s) R 75
November 2 44 8 (5) 2 57
December s s 4 1 ki T s
Total 62 711 180 a 35 991
2013
jgnuan,r_ 4 52 9 (s] o 1 66
February 4 50 12 (s) 1 68
March 5 66 22 (s) 6 98
April 6 70 23 ] 7 106
May 5 75 21 s) 10 111
June 6 79 22 (s) 5 113
uy 6 82 30 (s) 8 128
August 6 86 29 (s) 6 128
September 6 81 30 (s) 9 127
October 7 88 27 1 10 132
10 Month Total _ ss. 729 225 2 e 107
2012 10 Month Total 56 618 168 3 30 874
2011 10 Month Total a3 546 125 - 38 753
- = No data reported.
R = Revised

(s) = Value is less than 0.5 of the table metric, but value is included in any associated total.

Totals may not equal the sum of components due to independent rounding.

B100 is the industry designation for pure biodiesel; a biodiesel blend contains both pure biodiesel and petroleum diesel fuel.
See Appendix A for a map of states included in each PADD.
Source: U.5. Energy Information Administration, Form EIA-22M "Monthly Biodiesel Production Survey”

U.5. Energy Information Administration | Monthly Biodiesel Production Report

ED_000313_0365_00002639



December 2013

Appendix A Petroleum Administration for Defense Districts (PADD)

A%

NOTE: MAP NOT TO SCALE

U.5. Energy Information Administration | Monthly Biodiesel Production Report
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To: Argyropoulos, Paul[Argyropoulos.Paul@epa.gov]

From: Larry Schafer

Sent: Tue 2/18/2014 5:37:53 PM

Subject: FW: final version of presentation

2014.1.16 Draft Presentation on RFS Carbon Reduction - Final for Filing.pptx

For today’s discussion ...

Larry Schafer

National Biodiesel Board
0:202.737.8801

M: 202.997.8072

LSchafer@Biodiesel.org

Biodiesel — America’s Advanced Biofuel!

www.americasadvancedbiofucl.com

1331 Pennsylvania Ave. NW
Suite 505

Washington DC 20004

From: David DeRamus [mailto:david.deramus@bateswhite.com]
Sent: Monday, January 27, 2014 9:34 AM

To: Larry Schafer

Cc: Anne Steckel; J. Alan Weber; Collin Cain

Subject: final version of presentation

Here's a final version of the PPT with the draft language taken off: the low 2014 forecast eliminated; a few

ED_000313_0365_00002653



conforming word changes; and some minor format changes.
Thx

David

David DeRamus, Ph.D.

Managing Partner

direct: 202.216.1154 | mobile: 202.468.5604 | fax: 202.408.7838
1300 Eye Street NW, Suite 600, Washington, DC 20005

david.deramus@bateswhite.com

BATESWHITE.COM

ATTENTION: This electronic message may contain PRIVILEGED and CONFIDENTIAL information and is intended for the use of the speacific
individual(s) and/or entity to which it is addressed. If you are not the intended recipient of this email, you are hereby notified that any unautherized use,
reliance, dissemination, or copying of this email, or the information contained in it or attached to it, is strictly PROHIBITED. If you have received this
email in error, please delete it immediately and notify sender by reply email or by calling 202.408.6110.

Fh bk k kAo hokhkhohkhohhok kR ATTACHMENT NOT DELIVERED deode e g de gk ko e e e e e e e ke ke

This Email message contained an attachment named

image00l.jpg
which may be a computer program. This attached computer program could
contain a computer virus which could cause harm to EPA's computers,
network, and data. The attachment has been deleted.

This was done to limit the distribution of computer viruses introduced
intc the EPA network. EPA is deleting all computer program attachments
sent from the Internet into the agency via Email.

If the message sender is known and the attachment was legitimate, you
should contact the sender and request that they rename the file name
extension and resend the Email with the renamed attachment. After
receiving the revised Email, containing the renamed attachment, you can
rename the file extension to its correct name.

For further information, please contact the EPA Call Center at
(866) 411-4EPA (4372). The TDD number is (866) 489-4900.
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Summary of conclusions

Biodiesel reduces CO2 emissions by 81% relative to diesel

Based on current mix of biodiesel feedstocks

Biodiesel carbon footprint steadily improving as mix of feedstocks changes

Biodiesel reduced 2013 CO2 emissions by 16.4 million metric tons
Biodiesel production costs have declined, especially relative to
petroleum diesel

Lower feedstock costs relative to petroleum diesel

Greater availability of feedstocks with lower carbon footprint

Technology changes allow greater use of lower-cost, lower-carbon feedstocks

Cost of carbon reduction via biodiesel is currently $71 — $91 per
metric ton of CO2, before accounting for other benefits

* Biodiesel capacity and feedstocks are available to support further
production increases with minimal cost/price impacts
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Biodiesel has a significantly lower carbon footprint than petroleum

Biodiesel lifecycle carbon emissions, by
feedstock

w
S

|

|

|

|

|

|

|

N
(&)

N
o

Ib CO2e/125,000 Btu

10 ! e
~ Carbon content compares favorably to cellulosic ethanol
5 . T — T
0 - e L ,.L
regular diesel canola soy used cooking other recycled animal fat  distillers corn
oil grease oil

Source: ‘Best available data’ from USEPA 2010, USDA/Idaho 2012 & CARB 2011

On average, biodiesel emits 81% less CO2 than petroleum diesel with current feedstocks

ST



Currently, 103 gallons of biodiesel = 1 ton reduction in CO2 emissions

With current feedstocks, biodiesel emits 81% less CO2 than
petroleum diesel (normalized for energy content)

2013 wtd. average CO2 reduction: 21.3 pounds/gallon biodiesel

2204 Ibs / 21.3 Ibs/gallon = 103 gallons biodiesel to reduce CO2
emissions by 1 metric ton

Current annual CO2 reductions due to biodiesel: 16.4 million metric
tons

= 1,700 million gallons x 21.3 Ibs / 2204 = 16.43 million metric tons CO2e
= Equivalent to the emissions from 3.4 million cars*

*Source: EIA’s emissions calculator



Share of biodiesel production from lower carbon footprint
feedstocks has increased, even with rising biofuel production

Biodiesel Use of Lowest Carbon Feedstock

50% +— — - -+ 2,000
- 1,800

X o
¢ - 1,600 g
o le]
% - 1,400 =
b e
@ - 1,200 o
W __ c
c - 1000 2
o ©
2 Q
© - 800 5
(&

7]
"g‘ - 600 @

T
3 o
(o] - 400 =
4 m

- 200
2011 2012 2013
mmm Biodiesel Production =O=Distillers Corn Oil, Tallow, Yellow Grease, and Other Qils

Source: EIA Monthly Biodiesel Production Report (November 2013).

At the margin, increased biodiesel production has used distillers corn oil or waste grease as feedstocks
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Changing feedstocks have made biodiesel increasingly effective at

reducing carbon emissions

Gallons of Biodiesel Required to Reduce a

110 — -

Metric Ton of Carbon

109 4

108 |

107 |—

106 -

106

104 -

103 -

102 -

101 -

allons of Biomass-Based Diesel

-
o
o

2011

Source: EIA Monthly Biodiesel Production Report , USEPA ,

2012

USDA and CARB carbon reduction figures

2013
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Biodiesel production costs have been declining, especially relative
to the price of petroleum diesel

$5.00 ——

5450 S — - - SRR R = i

Biodiesel Production Co\

'__ O T e =t — B S = - e = =

1%
B

o

S
|
|
|

Wholesale Price of Diesel

Dollars per Gallon

7 f — Lr= e L —— -

4o — - s N .

$2.00 - : e : . B .
2011 2012 2013

Sources: Production cost estimates based on output and feedstock data from EIA for biodiesel and industry estimates for renewable
diesel; feedstock prices from Jacobsen; processing costs from lowa State biodiesel plant model.



The difference between the cost of biodiesel and the wholesale
price of diesel has dropped by over 40% since 2011

$1.60 ——$1% B _ N B Based on lowa State processing cost estimates

Based on NBB processing cost estimates

$1.21 81 AT

Dollars per Gallon

2011 2012 2013
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Biodiesel production costs are falling with increased reliance on

lower cost feedstocks

Weighted average feedstock cost $3.90
Average processing cost $0.67
Total production cost $4.57
Average wholesale diesel price $3.05

Biodiesel production cost

difference $1.52

$3.66

$0.66

$4.32

$3.11

$1.21

$3.20

$0.69

$3.89

$3.01

$0.88

Sources: Production cost estimates based on output and feedstock data from EIA for biodiesel and industry estimates for renewable
diesel; feedstock prices from Jacobsen; processing costs from lowa State biodiesel plant model.

Processing costs from lowa State model are likely overstated, especially with higher plant utilization in 2013
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Lower biodiesel production costs reflect overall feedstock price
decline and cost advantage of lower carbon footprint feedstocks

$4.50

$4.00

$3.50

$3.00

Feedstock Cost per Gallon of Biodiesel

$2.00

Soybean QOil

T

Distillers Corn Qil, Yellow Grease, and Animal Fats

\

$2.50 +—

2011 2012 2013

Source: Feedstock prices from Jacobsen: feedstock prices per pound were multiplied by 7.5 to determine the cost per gallon of biodiesel.

P,
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Expanded use of lower-cost/lower-carbon footprint feedstocks due
to recent investments in new technology

* New technology increased production of lower carbon feedstocks
= Distillers corn oil
= Waste oils

* Updates to existing biofuel production systems
= Flexible plants able to use different feedstock

* Alternative processing systems/pathways, e.g.:
= Hydrotreating
* Removes sulfur, oxygen, and nitrogen
* Produces propane as a byproduct
= Biomass-to-Liquid
* Biomass is gasified
* Resulting gas is converted into oil

Investments in technology for new feedstocks and more efficient biodiesel production due to increased biodiesel demand
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Based on 2013 feedstocks and production costs, biodiesel’s cost of
carbon reduction is approximately $71 - $91 per metric ton of CO2

$180

$1 66 e @ Based on lowa State processing cost estimates

$160 + | tiBased on NBB processing cost estimates

- sf28 - =

($/metric ton)

Cost of Carbon Reduction

2012 2013

Changes in production costs and feedstocks have lowered biodiesel’s cost of carbon reduction by 45% since 2011




Calculation details: CO2 reduction cost from biodiesel production
cost differential relative to wholesale diesel price

$0.88 biodiesel cost differential relative to wholesale diesel
= Wholesale diesel price in 2013 averaged $3.01/gal
= Production cost of biodiesel in 2013 was $3.89/gal

21.3 Ibs CO2 emission reduction from biodiesel displacing
one gallon of petroleum diesel (0.00967MT/gal)

= Based on carbon intensity estimates by feedstock and current
feedstock production shares

$0.88/gal + 0.00967MT/gal = $91/MT CO2 reduction

14



An upper bound estimate of the cost of RFS2 is the cost differential
between biodiesel and petroleum diesel

Price of blend St Price of biodiesel S
“hiodiesel
Sdicscl
I:'l)in
Pl eesaea s A e e, .
b']‘)“d _________ Implicit costs of
0 ; mandated blend
1 - A G Paieset | -}
v | !
i
: 1 : Dfl:el
i
: : : Dbiodicscl
g
Q giesa Qo Quantity of blend Qbio Quantity of biodiesel
Q blend
Blend Market with Volume Mandate Biodiesel Market with Volume Mandate

Adapted from Taheripour and Tyner, “Welfare Assessment of the Renewable Fuel Standard: Economic Efficiency, Rebound Effect, and Policy Interaction
in a General Equilibrium Framework,"” Purdue University Working Paper, June 2012, presented at 15t Annual Conference on Global Economic Analysis.

\
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Cost of carbon reduction from biodiesel should be calculated net of
other benefits

*  RFS2 has three distinct policy objectives:
* Agricultural policy: increase rural employment, farm incomes
“Energy independence:” reduce petroleum imports
Reduce GHG emissions
- Biodiesel is effective at reducing CO2 and other emissions, e.g.
particulate matter (PM, ;)
Biodiesel reduces PM, ; emissions by 47%'
EPA estimate of benefits from PM, . reduction: $230k — 880k/ton?2

* RFS2’s other objectives also have significant monetary benefits

" EPA, “A Comprehensive Analgsis of Biodiesel Impacts on Exhaust Emissions,” October 2002, p. 37.
2 EPA, “Report to Congress on Black Carbon,” March 2012, p.143.

Our initial estimate of biodiesel’s cost of carbon reduction does not account for these other benefits
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No indication that D4 RIN prices have had a significant impact on
retail price of diesel fuel

Crude vs. Diesel

$450 —— - - : - — — : 160
$400 ——— - — 140
350
5 120
$300 - - =
D - 100 2
E —
S S
2 $250 &
* —
Py Bl -
£ 5200 o
= [
5 -60 3
$150 - a
- 40
$100
$50 = - 20
$0 - 0
10/10/2006 2/22/2008 7/6/2009 11/18/2010 41112012 8/14/2013 12/27/2014

~——Diesel: Los Angeles (Dollars Per Gallon) ——Crude Oil: Europe Brent (Dollars per Barrel)

Whether RIN costs are passed through to consumers is important in analyzing welfare effects of RFS2



Further increased biodiesel production is not constrained by
available feedstocks

Biodiesel feedstock production forecast

120

100

Million tonnes

0
2010 20m 012 2013 2014 2015 2016 2017 2018

¥ Soybeanoil ™ Canolairapeseed oil  Animal fats ®0il fromDDG =~ Waste greases M Camelina oil

Source: LMC International, “Current and Future Supply of RFS2 Qualifying and Non-qualifying Oils and Fats for Biofuels,” July 2013.
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Recent rapid growth in biodiesel has not increased soybean oil prices —
additional production is unlikely to cause large feedstock cost increases

I
N

60 - - .

Cents/Pound of Soy QOil

mmm Biodiesel RIN Production ~ ==Soybean Price

Source: Soy Oil prices from Jacobsen; RIN volumes from EPA EMTS database.
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- 100

- 50
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Increasing availability and recent price trends suggest incremental
biodiesel production will come from lower carbon feedstocks

Biodiesel Use of Distillers Corn OQil as
Feedstock

1800 — — - — - - —
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Sources: EIA Montth
Qualifying Qils and

N

ly Biodiesel Production Report, November 2013: LMC International Report, “Current and Future Supply of RFS2 Qualifying and Non-
ats for Biofuels,” July 2013.
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Further increased biodiesel production is not constrained by available
biodiesel capacity

2012 Biodiesel Production Capacity

0.8 bill gal

0.4 bill gal

2 4 bl” gal = Registered facilities that

produced some volume in 2012

" Registered facilities that did not
produce any volume in 2012

= Facilities that are not yet
registered under RFS

Source: Biodiesel plant list 2-6-13 from Docket EPA-HQ-OAR-2013-0479; numbers are from a combination of NBB, EIA, and EPA databases.
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D4 RIN prices are currently well below historical levels, reflecting
growth in biodiesel supplies and production capacity

D4 RIN Price

$2.50 e — -
$2.00 -
2013 D4 RIN spike due to drought and
demand for conventional D6 RINs
$1.50 = R : 0
.'
$1.00 +— —
$0.50 ———
Current D4 prices below

production cost differential

$0.00 - . - - ‘ ;
2010 2011 2012 2013

Source: Bloomberg; average of available indices.
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Simulation models suggest biodiesel production can remain at
2013 levels or further expand without significantly Increasing costs

Production, billion gallons 1.74 1.70

Weighted feedstock cost, $/gal $3.20 $2.70
Avg processing cost, $/gal $0.50 $0.50
Total Production Cost, $/gal $3.70 $3.20
Wholesale Diesel Price, $/gal $3.01 $2.92
Biodiesel cost differential, $/gal $0.69 $0.28
Cost of 1 metric ton CO2 reduction S71 S29

Sources: 2013 production cost analysis with industry processing cost estimate; 2014 production cases from World Agricultural Economic and
Environmental Services (WAEES) model.



Current biodiesel cost differential would be largely eliminated by a
$43/ton carbon price

* 2014 projected wholesale price of diesel = $2.92/gallon
A gallon of diesel fuel produces around 96g CO2e/MJ
A gallon of diesel fuel has an energy intensity of 36.17 MJ/liter
With carbon price of $43/ton, diesel price would increase $0.57/gal

$ co M lit
+ 969592 3617 M L 2095 BEETS 00043 > — 349 8

292
gallon M] liter gallon g Co, gallon

D4 RIN prices of $0.57/gallon are equivalent to a $43/ton carbon tax on petroleum diesel
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Biodiesel cost of carbon reduction compares favorably to other policies

Cost of Reducing Carbon in Transportation Sector
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c
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lus

Electric vehicle Hybrid vehicle CARS program Biodiesel
tax credit tax credit

Source for data regarding electric vehicle tax credit, hybrid vehicle tax credit, and CARS program: Ted Gayer, “Cash for Clunkers; An Evaluation of the Car
Allowance Rebate System,” Economic Studies at Brookings, October 2013.
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3/9/2010
3/11/2010
3/12/2010
3/15/2010
3/17/2010
3/18/2010
3/19/2010
3/23/2010
3/25/2010
3/26/2010
3/30/2010

4/1/2010

4/2/2010

4/6/2010

4/7/2010

4/8/2010

4/9/2010
4/13/2010
4/15/2010
4/16/2010
4/20/2010
4/21/2010
4/22/2010
4/23/2010
4/27/2010
4/28/2010
4/29/2010
4/30/2010

5/4/2010

5/5/2010

5/6/2010

5/7/2010
5/11/2010
5/12/2010
5/13/2010
5/14/2010
5/18/2010
5/19/2010
5/21/2010
5/25/2010
5/26/2010
5/27/2010
5/28/2010

6/2/2010

6/4/2010

6/8/2010

6/9/2010
6/10/2010
6/11/2010
6/15/2010
6/16/2010
6/17/2010

D4 Price
0.1725
0.18
0.175
0.17
0.185
0.19
0.21
0.205
0.2
0.23
0.25
0.25
0.245
0.27
0.26
027
0.29
0.275
0.255
0.245
0.24
0.225
0.235
0.2463
0.25
0.255
0.3
0.31
0.335
0.395
0.41
0.41
0.4
0.36
0.34
0.36
0.35
0.32
0.31
0.28
0.285
0.29
0.325
0.285
0.295
0.3075
0.305
0.3
0.3
0.3
0:3
0.36
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6/18/2010
6/22/2010
6/23/2010
6/25/2010
6/29/2010
6/30/2010

7/1/2010

71212010

71712010

7/8/2010

7/9/2010
711212010
7/13/2010
7/14/2010
7/19/2010
712112010
7/22/2010
7/23/2010
712712010
7/28/2010
7/29/2010
7/30/2010

8/3/2010

8/4/2010

8/5/2010

8/6/2010

8/9/2010
8/11/2010
8/12/2010
8/17/2010
8/18/2010
8/20/2010
8/23/2010
8/25/2010
8/26/2010
8/27/2010
8/31/2010

9/1/2010

9/2/2010

9/3/2010

9/7/2010

9/8/2010
9/10/2010
9/15/2010
9/16/2010
9/17/2010
9/21/2010
9/22/2010
9/24/2010
9/28/2010
9/30/2010
10/1/2010
10/5/2010

0.325
0.3
0.35
0.335
0.485
0.51
0.505
0.5
0.4825
0.48
0.485
0.4825
0.51
0.55
0.515
0.54
0.56
0.55
0.57
0.575
0.55
0.535
0.495
0.495
0.515
0.525
0.525
0.53
0.5225
0.5

0.5
0.48
0.485
0.485
0.48
0.48
0.495
0.4888
0.5
0.51
0.515
0.5025
0.505
0.505
0.5375
0.54
0.57315
0.57
0.535
0.54
0.59
0.6
0.59
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10/6/2010
10/7/2010
10/8/2010
10/12/2010
10/13/2010
10/18/2010
10/21/2010
10/22/2010
11/10/2010
11/11/2010
11/16/2010
11/17/2010
11/18/2010
11/19/2010
11/23/2010
11/29/2010
12/1/2010
12/2/2010
12/3/2010
12/7/2010
12/8/2010
12/9/2010
12/13/2010
12/15/2010
12/16/2010
12/17/2010
12/21/2010
12/22/2010
12/23/2010
12/24/2010
12/27/2010
12/29/2010
12/31/2010
1/4/2011
1/5/2011
1/6/2011
1712011
1/12/2011
1/21/2011
1/25/2011
1/26/2011
1/28/2011
1/31/2011
2/1/2011
2/4/2011
2/10/2011
2/14/2011
2/15/2011
2/16/2011
211712011
2/22/2011
2123/2011
2/25/2011

0.56
0.56
0.55
0.575
0.575
0.575
0.56
0.57
0.61
0.6
0.5975
0.605
0.6112
0.6137
0.67
0.69
0.73
0.775
0.825
0.83
0.93
0.825
0.71
0.5825
0.56
0.535
0.535
0.575
0.7175
0.7175
0.74
0.735
0.755
0.79995
0.77
0.75
0.7675
0.7775
0.87
0.88
0.8775
0.88
0.9
0.9225
0.935
1.05
1.15
1.21
1.21
1.235
1.14
1.005
1.125



2/28/2011
3/1/2011
3/2/2011
3/3/2011
3/4/2011
3/7/2011
3/8/2011
3/9/2011

3/10/2011

3/11/2011

3/14/2011

3/16/2011

3/16/2011

3/17/2011

3/18/2011

3/21/2011

3/22/2011

3/23/2011

3/24/2011

3/25/2011

3/28/2011

3/29/2011

3/30/2011

3/31/2011
4/1/2011
4/5/2011
4/6/2011
4/7/2011
4/8/2011

4/11/2011

4/12/2011

4/13/2011

4/14/2011

4/15/2011

4/18/2011

4/19/2011

4/21/2011

4/25/2011

4/26/2011

4/27/2011

4/29/2011
5/2/2011
5/3/2011
5/4/2011
5/5/2011
5/6/2011
5/9/2011

5/10/2011

5/11/2011

5/12/2011

5/13/2011

5/16/2011

5/18/2011

1.1
1.0625
1.07
1.0775
1.08
1.1075
1.1125
1.1125
1.13
1.1475
1.145
1.15
1.0425
1.0625
1.13
1.1
1.085
1.095
1.115
1.115
1.12
1.125
1.18
1.1825
1.21
1.255
1.26
1.255
1.2775
1.32625
1.325
1.345
1.33
1.32
1.2925
1.275
1.2025
1.275
1.2625
1.21
1.18
1.195
1.25
1.25
1.255
1.255
1.27
1.28
1.24
1.28
1.27
1.29
1.32

25p



5/19/2011
5/20/2011
5/23/2011
5/24/2011
5/25/2011
5/26/2011

6/1/2011

6/2/2011

6/3/2011

6/6/2011

6/7/2011

6/8/2011

6/9/2011
6/13/2011
6/14/2011
6/15/2011
6/16/2011
6/17/2011
6/21/2011
6/22/2011
6/23/2011
6/24/2011
6/27/2011
6/28/2011
6/29/2011
6/30/2011

7/1/2011

71572011

7/6/2011

71712011
7/11/2011
7/12/2011
7/13/2011
7/14/2011
7/15/2011
7/18/2011
7/19/2011
7/20/12011
7/21/2011
7/22/2011
7/25/2011
7/26/2011
712712011
7/28/2011
7129/2011

8/1/2011

8/2/2011

8/8/2011

8/9/2011
8/10/2011
8/11/2011
8/12/2011
8/15/2011

1.33
1.33
1.34
1.32
1.295
1.29
1.32
1.35
1.35
1.35
1.37
1.375
1.41
1.41
1.405
1.4
1.375
1.38
1.345
1.35
1.37
1.36
1.34
1.34
1.33
1.33
1.34
1.35
1.335
1.345
1.345
1.34
1.34
1.34
1.33
1.34
1.33
1.335
1.325
1.34
1.3425
1.36
1.37
1.37
1.375
1.37
1.395
1.4
1.405
1.45
1.49
1.49
1.505
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8/16/2011
8/17/2011
8/18/2011
8/19/2011
8/22/2011
8/23/2011
8/256/2011
8/26/2011
8/29/2011
8/31/2011
9/6/2011
9/7/12011
9/8/2011
9/9/2011
9/12/2011
9/13/2011
9/14/2011
9/15/2011
9/16/2011
9/19/2011
9/20/2011
9/21/2011
9/22/2011
9/23/2011
9/26/2011
9/27/12011
9/28/2011
9/29/2011
9/30/2011
10/4/2011
10/5/2011
10/6/2011
10/11/2011
10/13/2011
10/14/2011
10/17/2011
10/18/2011
10/19/2011
10/20/2011
10/21/2011
10/24/2011
10/25/2011
10/26/2011
10/27/2011
10/28/2011
10/31/2011
11/1/2011
11/2/2011
11/3/2011
11/4/2011
11/7/2011
11/8/2011
11/9/2011

1.54
1.635
1.695
1.695
1.685

1.68
1.675
1.685

1.68
1.675
1.855

1.9
1.885

1.89

1.97

1.97
1.975

1.92

1.89
1.875

1.75

1.7
1.695

1.72

1.71

1.67
1.605

1.61

1.55
1.495
1.535
1.635
1.475

1.44

1.44

1.38

1.38
1.375
1.325
1.255

1.17

1.17

1.06

1.06
1.225

1.16

1.16

1.14

1.14

1.14

1.21

1.21

14

265



11/11/2011
11/14/2011
11/15/2011
11/16/2011
11/17/2011
11/18/2011
11/21/2011
11/22/2011
11/23/2011
11/28/2011
11/29/2011
11/30/2011
12/1/2011
12/2/2011
12/5/2011
12/6/2011
12/7/2011
12/8/2011
12/9/2011
12/12/2011
12/13/2011
12/14/2011
12/15/2011
12/16/2011
12/19/2011
12/20/2011
12/21/2011
12/27/2011
12/28/2011
12/29/2011
12/30/2011
1/3/2012
1/4/2012
1/5/2012
1/6/2012
1/9/2012
1/10/2012
1/11/2012
1/12/2012
1/13/2012
1/17/2012
1/18/2012
1/20/2012
1/23/2012
1/24/2012
1/25/2012
1/26/2012
1/30/2012
1/31/2012
2/1/2012
2/2/2012
2/3/2012
2/13/2012

1.45
1.395
1.395

1.5
1.5
1.5

1.44

1.44
1.435

1.42

1.42
1.375
1.435

1.38

1.32

1.32

1.33
1.305

1.38

1.3
1.3
1.295
1.2
1.2

1.23
1.255

1.27
1.275

1.28

1.25
1.245

1.3875
1.39
1.4
1.4
1.4525
1.445
1.4475
1.4125

1.43

1.42
1.425

1.42

1.4025
1.4
1.3975
1.395
1.365
1.365
1.3425
1.355
1.4175
1.385

206Se



2/14/2012 1.415

2/15/2012 1.42
2/22/2012 1.435
2/23/2012 1.43
2/24/2012 1.425
212712012 1.41
2/28/2012 1.435
2/29/2012 1.43

3/1/2012 1.415

3/2/2012 14

3/6/2012 1.39

3/6/2012  1.38375
3/7/2012 1.3675
3/8/2012 1.325
3/9/2012 1.3375
3/12/2012 1.3125
3/13/2012 1:33
3/14/2012 1.3375
3/15/2012 1.3325
3/16/2012 1.3325
3/19/2012 1.335
3/20/2012 1.33
3/21/2012 1.345
3/22/2012 1.3325
3/27/2012 1.3425
3/28/2012 1.3275
4/3/2012 1.3175

4/5/2012 1.305
4/9/2012 1.3325
4/10/2012 1.345

4/11/2012 1.3325
4/12/2012 1.3425
4/13/2012 1.3325
4/16/2012 1.315

4/17/2012 1.32
4/18/2012 1.335
4/19/2012 1.34
4/20/2012 1.335

4/23/2012 1.3225
4/24/2012 1.3375
4/25/2012 1.3275
4/26/2012 1.325
4/27/2012 1.3225

5/1/2012 1.34
5/2/2012 1.36
5/3/2012 1.36
5/4/2012 1.355
5/7/2012 1.38

5/8/2012 1.3725
5/9/2012 1.3725
5/14/2012 1.3625
5/16/2012 1.35
5/17/2012 1.31



5/18/2012
5/21/2012
5/22/2012
5/24/2012
5/30/2012
5/31/2012

6/7/2012

6/8/2012
6/11/2012
6/12/2012
6/13/2012
6/14/2012
6/15/2012
6/18/2012
6/19/2012
6/20/2012
6/21/2012
6/22/2012
6/25/2012
6/26/2012
6/27/2012

71512012

716/2012

719/2012
7/10/2012
7/11/2012
7/12/2012
7/13/2012
7116/2012
7/19/2012
7/20/2012
7123/2012
712412012
712712012
7/30/2012
7/31/2012
712712012
7/30/2012
713112012

8/1/2012

8/2/2012

8/3/2012

8/6/2012

8/7/2012
8/13/2012
8/14/2012
8/156/2012
8/16/2012
8/20/2012
8/21/2012
8/22/2012
8/27/2012
8/28/2012

1.35
1.34
1.3425
1.32
1.3175
1.3125
1.1
1.155
1.225
1.22
1.205
1.21
1.2
1.19
1.18
1.17
1.17
1.145
1.135
1.14
1.16
1.2
1.2
1.21
1.215
1.2
1.24
1.245
1.23
1.2375
1.2425
1.23875
1.225
1.2025
1.185
1.165
1.17
1.17
1.1
1.1
1.1
1.1
1.1
1.1
1.05
1.06
1.02

1
0.975
0.965
0.975
0.99
1.02

265



8/29/2012
8/30/2012
9/4/2012
91512012
9/6/2012
9/7/2012
9/10/2012
9/11/2012
9/12/2012
9/14/2012
9/17/2012
9/19/2012
9/20/2012
9/24/2012
9/25/2012
9/26/2012
9/27/2012
10/1/2012
10/2/2012
10/5/2012
10/8/2012
10/10/2012
10/15/2012
10/16/2012
10/17/2012
10/19/2012
10/22/2012
10/24/2012
10/25/2012
10/29/2012
10/30/2012
11/1/2012
11/5/2012
11/6/2012
11/7/2012
11/8/2012
11/9/2012
11/12/2012
11/13/2012
11/16/2012
11/19/2012
11/26/2012
11/27/2012
11/28/2012
11/29/2012
11/30/2012
12/3/2012
12/4/2012
12/5/2012
12/6/2012
12/10/2012
12/11/2012
12/12/2012

1.005
0.995
1.02

1.

1

0.98
0.98

1

0.995
0.99
0.985
0.975
0.94
0.885
0.8

0.78
0.765
0.74
0.69
0.55
0.505
0.435
0.45
0.55
0.69
0.62

0.6

0.5

0.5

0.5

0.51
0.61
0.55
0.54
0.52
0.56167
0.57333
0.56667
0.48
0.505
0.5
0.57167
0.57
0.55833
0.54333
0.54333
0.55
0.56333
0.55833
0.54667
0.56167
0.56
0.59
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12/13/2012  0.58667
12/28/2012  0.62667
12/31/2012  0.62667
1/2/2013 0.395
1/3/2013 0.38
1/7/2013 0.3725
1/8/2013 0.3725
1/9/2013 0.475
1/10/2013 0.475
1/14/2013 0.445

1/156/2013 0.49
1/16/2013 0.49
117/2013 0.49
1/18/2013 0.49
1/21/2013 0.49
1/22/2013 0.49
1/23/2013 0.49
1/24/2013 0.47
1/25/2013 0.47

1/28/2013 0.4625
1/29/2013 0.4675
1/30/2013 0.495
1/31/2013 0.495

2/1/2013 0.495
2/11/2013 0.5375
2/12/2013 0.4925
2/13/2013 0.4925
2/14/2013 0.4925
2/15/2013 0.4925
2/19/2013 0.515
2/21/2013 0.595
2/22/2013 0.5775
2/25/2013 0.545

2/27/2013 0.64
2/28/2013 0.63
3/1/2013 0.67
3/4/2013 0.73
3/56/2013 0.73

3/6/2013 0.765
31712013 0.825
3/8/2013 0.995
3/11/2013 0.9825
3/12/2013 0.925

3/13/2013 0.92
3/14/2013 0.765
3/15/2013 0.75
3/18/2013 0.76
3/19/2013 0.76

3/20/2013 0.735
3/21/2013 0.735
3/25/2013 0.7025
3/26/2013 0.745

4/1/2013 0.7225

2056



41212013
4/3/2013
4/4/2013
4/8/2013
4/9/2013
4/10/2013
4/12/2013
4/16/2013
4/17/2013
4/19/2013
4/22/2013
4/23/2013
4/24/2013
4/25/2013
4/26/2013
4/30/2013
5/1/2013
5/2/2013
5/3/2013
5/6/2013
5/7/2013
5/8/2013
5/9/2013
5/13/2013
5/14/2013
5/15/2013
5/16/2013
5/17/2013
5/20/2013
5/21/2013
5/22/2013
5/23/2013
5/24/2013
5/27/2013
5/28/2013
5/29/2013
5/30/2013
5/31/2013
6/3/2013
6/4/2013
6/5/2013
6/6/2013
6/7/2013
6/10/2013
6/11/2013
6/12/2013
6/13/2013
6/14/2013
6/17/2013
6/18/2013
6/19/2013
6/20/2013
6/21/2013

0.72
0.735
0.745

0.89

0.92
0.855

0.8275

0.79

0.83

0.85

0.83

0.82

0.81

0.82

0.83

0.94

0.9
0.845

0.86

0.85
0.865

0.87

0.87
0.855

0.85

0.89

0.89

0.89
0.915
0.935
0.945

0.94
0.915

0.92
0.925
0.955

0.98
0.995

0.99

1.01

1.01

1.056
0.995
0.995
0.955

0.95
0.965
0.975
0.975
0.965
0.955
0.985
0.995



6/24/2013
6/25/2013
6/26/2013
6/27/2013
6/28/2013
7/1/2013
71212013
7/3/2013
7/8/2013
7/9/2013
7/10/2013
7/11/2013
711212013
7/15/2013
7/16/2013
7117/2013
7/18/2013
7/19/2013
7/22/2013
7/23/2013
7/24/2013
7/25/2013
7126/2013
7129/2013
7/30/2013
7131/2013
8/1/2013
8/5/2013
8/6/2013
8/7/2013
8/8/2013
8/9/2013
8/12/2013
8/13/2013
8/15/2013
8/16/2013
8/19/2013
8/20/2013
8/21/2013
8/22/2013
8/23/2013
8/26/2013
8/27/2013
8/28/2013
8/29/2013
8/30/2013
9/3/2013
9/4/2013
9/56/2013
9/6/2013
9/9/2013
9/10/2013
9/11/2013

0.97
0.985
1.005

1.0125
1
1.045

1.03
1.025
1.055

1.0825
1.165
1.145
1.195

1.2875

1.35

1.44
1.415
1.415
1.355

1.3475

1.24
1.005
1.005
0.975
1.075
1.155
1.115
1.095
0.975

0.88333
0.78
0.76
0.82
0.83
0.91
0.91667
0.92667
0.87667
0.86667

0.83
0.82667
0.83667
0.81667
0.78667
0.76667
0.76667

0.84
0.81667
0.80667
0.78667
0.79667
0.78667
0.74667

2SP



9/12/2013
9/13/2013
9/16/2013
9/17/2013
9/18/2013
9/19/2013
9/20/2013
9/23/2013
9/24/2013
9/25/2013
9/26/2013
9/27/2013
9/30/2013
10/1/2013
10/2/2013
10/3/2013
10/4/2013
10/7/2013
10/8/2013
10/9/2013
10/10/2013
10/11/2013
10/14/2013
10/15/2013
10/16/2013
10/17/2013
10/18/2013
10/21/2013
10/22/2013
10/23/2013
10/24/2013
10/28/2013
10/30/2013
11/6/2013
11/7/2013
11/8/2013
11/11/2013
11/12/2013
11/13/2013
11/14/2013
11/156/2013
11/18/2013
11/19/2013
11/20/2013
11/21/2013
11/22/2013
11/26/2013
11/27/2013

0.73667
0.72333
0.69333
0.61333
0.64333
0.70333
0.69333
0.66333
0.66333
0.67333
0.68333
0.63333
0.60333
0.63333
0.58333
0.62333
0.64333
0.63333
0.62333
0.65333
0.65333
0.54333
0.54
0.57333
0.55333
0.52667
0.52667
0.52333
0.51333
0.46333
0.41333
0.30333
0.35667
0.42333
0.41333
0.38333
0.36333
0.31
0.29333
0.35333
0.28667
0.27667
0.26667
0.315
0.30333
0.32333
0.33
0.33
To resize chart data range, drag lower right corner of range.
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Sales

Registered fz 2.4
Registered fz 0.4
Facilities tha' 0.8

To resize chart data range, drag lower right corner of range.
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Year
2011
2012
2013

2014
2015

ConsumpticProjected Production Distillers Cmetric tonnes
138 377 304 137.93103
293 538 646  293.10345
500 961 1102 500

1419
1536

To resize chart data range, drag lower right corner of range.

ED.op0313 -036S . oDo) 258



Best Available

regular diese 27.9
canola _-_j_- 12.9
soy L 6.2
used cooking 33
otherrecycle __ 3.7
animal fat 37
distillers corr 1.2

soy

corn oil

used cooking oil
other recycled greast
animal fat
renewable diesel
canola

USDA/Idahc

0.5USDA/Idahc
0.1CARB 2011
0.1 USEPA 201(
0.03 USEPA 201(
0.13 USEPA 201(
0.1CARB 2011
0.04 USEPA 201(

0.764 soy

Osoy
0.95833 corn oil
0.86919waste grez
0.86919waste grez
0.86919waste gree
0.79531tallow RD
0.53748canola

89.7

96
96
96
96
96
96
96

96

96

4
12.558
12.558
12.558
19.65
44.4015

27.91197

27.91197
1.16300
3.65123
3.65123
3.65123
5.71323

12.90972

20



Series 1

Electric vehicle tax credit 300
Hybrid vehicle tax credit 177
CARS program 91
Biodiesel 7

To resize chart data range, drag lower right corner of range.

20|



GHG reduction in Ibs

Year Gallons / Metric ton of Carbon CO2e/gallon of biodiesel Conversion to Tons Gallons / Ton
2011 109 20.2 0.00916109.13973
2012 107 20.7 0.00939106.50351
2013 104 21.3 0.00966103.50341

To resize chart data range, drag lower right corner of range.
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Year Biodiesel ProductiorDistillers CoBiodiesel Production2

Soybean aiCorn, Tallow, Yellow Grease a
2011 1,122,699,193.00 34% ,122,699,193

5000 2549 0.33769
2012 1,146,899,177.00 40% 1146899177 4832 3218 0.39978
2013 1,740,915,464.00 47% 1740915464 4131 3722 0.47398

To resize chart data range, drag lower right corner of range.
1740915464
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year 2011 2012 2013

Production Cost of Biodiesel $4.57 $4.32 $3.89
Wholesale Price of Diesel $3.05 $3.11 $3.01
Difference $1.52 $1.21 $0.88

To resize chart data range, drag lower right corner of range.



Based on lowa StzBased on NBB processing cost estimates

2011 $ 166 $158
2012 $ 128 $121
2013 $ 91 $ 71

To resize chart data range, drag lower right corner of range.
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Soybean OiDistiller's C¢Column1
2011  4.05598 298403
2012 3.87813  2.92350
2013 3.65178 2.65779

To resize chart data range, drag lower right corner of range.
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year
Production Cost of Biodiesel
Wholesale Price of Diesel

Based on lowa State processing cost estimate
Based on NBB processing cost estimates

2011
$4.57
$3.05

$1.52
$1.45

To resize chart data range, drag lower right corner of range.

2012

$4.32
$31

$1.21
$1.15

2013

$3.89
$3.01

$0.88
$0.69

2 bt



